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PREFACE 


Lest any reader think that I am satisfied with this 
work, I have to say that it is but the shade of what 
I wish it to be. Nevertheless, I send it forth to a 
wider public than my own immediate circle, because 
it fulfils, at least partly, a need; and because, not¬ 
withstanding its many defects, it has proved useful 
during the instruction of those concerned with joint¬ 
ing : the engineer, the draughtsman, the jointer, and 
the mate. 

And lest any think that my unaided efforts have 
made this book, I, while alone responsible for the con¬ 
tents, have to record my indebtedness, and express my 
thanks, to Mr. H. S. Blomeley for the drawings which so 
greatly enhance whatever value the text may possess; 
to Mr. S. E. Clotworthy for comment throughout; to 
Mr. S. Harrop for calculation of the tables ; to Mr. W. 
Maskery for help with lead work ; and to all those 
who, at one time or another, have contributed towards 
my knowledge of the subject. 
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THE ART AND CRAFT 
OF CABLE JOINTING 

CHAPTER I 

INTRODUCTORY 

Art, Engineering, Science: a descending scale of values, 
human values, of course. 

Art results from the unconscious co-ordination of 
innumerable and, so, indefinite factors to the creation 
of a thing satisfactory to man’s aspirations: the thing 
maybe a building, a song, a way, an idea, a dish, or even 
the pot the dish is cooked in ; but, whatsoever it may 
be, the artistic thing is consonant with the efficient. 

Science is the reasoning co-ordination of few and 
definite factors to a unity. 

Engineering combines the methods of Science with 
the inspirations of Art. That is to say, engineering 
allows a definite end to be achieved partly in a scien¬ 
tific and partly in an artistic way. 

But, what has all this to do with Cable Jointing ? 

Nothing ? 

No, surely not ! 

Here : Cable Jointing is a part of engineering, a part, 
moreover, where the indefinite exceeds the definite, a 
part where the problems to be solved are not subject 
co an invariable solution, and a part, therefore, peculi¬ 
arly susceptible to personal idiosyncrasy. 

1—(5479) 1 
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In so far as cable jointing is based on observed and 
invariable fact, it is scientific, definite, and admitting 
of no variation. But in so far as it is empirical, as 
largely it is, it is artistic, relies on the personality of 
the designer for its efficiency, and thus is a medium for 
individual expression: each problem, is solved accord¬ 
ing to the designer’s judgment, a judgment based 
partly on his experience and partly on the innate 
qualities of his mind. 

The extensions and qualifications of the argument 
just outlined are so numerous that it would require 
many a page simply to state them ; but no more need 
here be remarked as we are not primarily interested in 
the matter, and as enough has already been said to 
outline the point of view underlying all that follows. 

So, progress can now be made to my subject: 

Types of Cables Dealt With. 

The intention herein is to describe the operations of 
cable jointing and to relate certain conclusions pertain¬ 
ing to three core, paper insulated, lead sheathed, and 
wire armoured cable joints. In thus limiting the scope, 
it is hoped that little of value to the designer or con¬ 
structor of joints will be omitted, for what is applicable 
to a three core joint will, with obvious exceptions or 
extensions, be applicable to other joints. 

First, a brief survey of the field to be covered will be 
made. Then, each of the main divisions of the sub¬ 
ject will be treated in detail. And then, a description 
of the making of a complete joint will be given. Such 
procedure involves some repetition, but as it possesses 
the advantage of giving a conspectus of the whole before 
considering the parts, and as the parts are subsequently 
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summed up in the whole, its merits overbalance its 
disadvantages. 

The Need for Simplicity. 

It is to be taken as axiomatic that simplicity of design 
is an essential of sound practice. That this is far from 
being universally recognized is shown, for example, by 
the occasional practice of seemingly trying to put 
within a joint as varied an assortment of materials as 
possible. Such practice is indefensible. Of course, the 
reply that is made to criticism of this sort is that the 
practice has given little trouble. Whether or not the 
truth of the reply is borne out by facts, it is needless to 
inquire, but it is necessary to remark that while trouble 
is a positive criterion of failure, want of trouble is purely 
negative and does not prove that a more satisfactory 
practice is impossible: experience is limited and should 
not be allowed to outweigh general considerations 
without proof of their insufficiency. Instead, it may 
be that careful attention to such considerations would 
lead to a practice giving no more trouble and, at the 
same time, be more economical of labour or material, 
or of both, than a practice based on caprice. How¬ 
ever, it must not be supposed that neglect of experi¬ 
ence is here advocated. By no means is that the case. 
All that is here intended is to remind the reader that 
the human mind is capable of solving many problems 
without recourse to direct experience ; and that only 
when there is no other guide, as will sometimes hap¬ 
pen, should experience of a particular case be followed ; 
and even then, allied experience should receive full 
consideration. 

Further, on the assumption—surely a permissible 
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one—that a cable is so constructed as to perform the 
work required of it in the most efficient way ; and' as, 
when extending any work, imitation of the existing 
work is desirable, especially when that work has proved 
itself eminently adapted to its purpose, so it would 
appear that the design of a joint should follow the 
design of the cable to be jointed. And, because a 
cable, made as it is under favourable conditions, is 
more likely properly to fulfil its functions than is a 
joint made, more often than not, under adverse con¬ 
ditions, so, other things equal, that design is to be 
preferred which involves least disturbance of the 
cable. 

The One-man Job. 

Also, it is essential that each joint, from the cutting 
of the cables to the completion of the sealing, should 
be made by one man, as in this way pride of workman¬ 
ship is fostered and good work likely to result, whereas 
for two or more men to have a hand in the one joint 
divides responsibility and so leads to carelessness. 
Therefore, the time taken to make a joint is limited by 
the endurance of the jointer. One other aid to the 
designer is this : where other means of settling propor¬ 
tions are absent, beauty is a useful guide, for man has 
so much inbred knowledge, and so much knowledge 
acquired in so many and so varied ways as to be as 
unconscious as the inbred, that beauty is not only 
aesthetic but practical. 

Bases of Design. 

The matter may be put more shortly thus: the bases 
of design should be simplicity, an attention to general 
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considerations with a freedom from an overwhelming 
regard for particular precedent, imitation and least dis¬ 
turbance of existing work, and appearance. 

The second and last two bases call for no further 
remark, but the others do, for the ideas both of sim¬ 
plicity and imitation have to be applied discreetly. 
That is to say, a barbarous simplicity and a slavish 
imitation are to be avoided, for it is probable that in 
any particular case the simplest or the most imitative 
solution is not the best one, as each case presents points 
of greater or less variation from the general which call 
for special treatment. To illustrate the one, take the 
case of those joints in which the bare conductors were 
enclosed in a box filled with compound and no other 
insulation whatsoever: this was certainly simple, but 
it was not efficient, in so much as use of the method 
led to trouble. To illustrate the other, take the case 
of those joints which were insulated with mica: that 
practice was imitative, because it was copied from a 
practice in use for an allied but other purpose. It was 
not, however, efficient for cable jointing. 

Secondary bases are to be economy of time and 
economy of material. But, in order that undue weight 
should not, in the first place, be given to these econo¬ 
mies, it is to be remembered that they will more than 
possibly result from a nice attention to the primary 
bases. It is also to be remembered that the jointing 
problem is not to design and to make a joint to with¬ 
stand any condition, but so to design and so to make 
that the joint will withstand working conditions to 
the same extent as the cable it is to be used upon. 
Anything less is waste. Anything more is waste, 
too. 
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Problems to be Overcome. 

The difficulties of jointing are largely due to the 
surroundings amid which joints are made. Thus, in 
general, joints are made in the open, where the weather 
has to be contended with, and where conditions are 
variable, and not in the seclusion of a workshop where 
all things are under control. Also, the practical neces¬ 
sity to keep dimensions within workable limits leads 
to problems distinct from the simple insulation of a con¬ 
ductor to withstand a given pressure. Beside, joint¬ 
ing depends on the jointer, because, although attempts 
have been made to eliminate the human element, 
machinery has not been developed capable to carry out 
the operations. 

Altogether, the chief problems in cable jointing are 
connected with the exclusion of moisture, dirt, and air, 
and the prevention of voids. But, if a joint is to work 
satisfactorily under all the conditions met with in elec¬ 
tric distribution, great attention should be paid to every 
detail, and efficient results will be attained only by 
clear and creative thought on the designer’s part, and 
manipulative skill on the part of the jointer. 

From what has been already said, it would be logical 
to suppose that only such materials as are present in the 
cable are to be used in the joint, and that such materials 
are to be distributed in the joint as in the cable. And, 
in fact, in the better designs, such materials only are 
used and only so distributed—except for slight varia¬ 
tions which necessity or reasoned expediency justify. 
Thus, solder is used to sweat the conductors—a prac¬ 
tical necessity ; and cotton tape for binding, even for 
insulating—a matter of expediency, but the departure 
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from simple imitation in this case is justified by the 
fact that cotton is mechanically stronger than paper 
and so more fit to the purpose, and sufficiently like 
paper in its other properties as not to lead to trouble 
in the parts where it is used, or to offend an artistic 
sense of unity. 

Position of Joint. 

In designing a joint, the first matter to be considered 
is the situation in which the joint has to be made: Is 
there plenty of room, or is there not ? Is the joint to 
work in a fiery mine, in an unusual position, or in any 
place where peculiar construction is necessary ? It is 
needless to ask whether or not the joint has to work 
under water, for it is to be taken for granted that all 
joints should be so designed and so made that immer¬ 
sion in water is not detrimental to their efficiency. 

Other Factors. 

* 

Also, the question of climate and of the men who will 
have to make the joint have to be taken into account. 
Thus, a design which is suitable for making in a dry 
climate and in a clear atmosphere may be quite unsuit¬ 
able in a fog-ridden land or in the soot-laden air of a 
manufacturing town. And, a method which is satis¬ 
factory when operated by men of one nationality, or, 
what comes to the same thing, by men of one tempera¬ 
ment, may be most -unsatisfactory when operated by 
those of another. 

On the whole, the best joint is that which occupies 
the least space, and that which will satisfy the greatest 
number of conditions, subject, of course, to proper 
allowances having been made in the design and 
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construction for safe and reliable operation, and sound 
and efficient workmanship. 

Workmanship. 

This matter of workmanship deserves attention: 
Why should the aim not be to raise jointing into a 
craft 1 a craft in which all that is done has a mean¬ 
ing, a sound reason for its being, and not something 
done just out of ignorance or caprice ; a craft in which 
nothing but what is essential is done, and nothing like¬ 
wise that is essential is left undone: a craft in which 
nothing is adventitious, but all by design, and design, 
too, not for the workman unable to differentiate 
between sound work and shoddy, and so ready for any 
shift to get his task done, but for the craftsman who 
loves his work because interested in and appreciative 
of its niceties. To design so as to allow for errors is 
pretence, the art of the botcher. 

The more important a point is, the more often shall 
I permit myself a repetition. And so, still further 
to elucidate, a conversation will now be recorded: A 
draughtsman, a designer, and an engineer were discuss¬ 
ing joints. The first, in reply to the question, “ Why 
do you show two inches of lead sheath projecting 
within the sleeve ? ” answered, “ I don’t know, but it 
is always done.” The second had an explanation. 
It was this: To guard against bad plumbing. That is 
to say, to ensure a compound seal to the cable, so that, 
should the wipe be faulty, water would not penetrate 
to the interior of the joint. It was the latter, too, who 
objected to a lead sleeve being tapered because the 
tapering cut down the quantity of compound around 
the crutch, but why a large volume of compound was 
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!JQ: 

needed round the crutch, he waslighen 
to explain. The third man, nomhle^more for direct¬ 
ness than suavity, and animatedN^ a^spiiit like to_- 
my own, a trifle derisively, perhaps^'y^ 
naturedly, laughed and said, “ In days wheff'thrnonl-’ 
mercial rule the roost, and when they are doing their 
best to corrupt the soul of man with the deceits of 
luxury, the whole question of design resolves itself 
into one of cost, first cost, and so you, having to earn 
a living, do well to copy practices which have not 
proved harmful; but, I think, a use of the imagina¬ 
tion, although not too free a use—where to draw the 
line is a matter of judgment—so, I will say, a proper 
use of the imagination may be fruitful of improve¬ 
ments. For myself, I believe, in spite of the fact that 
the artist is considered as an incapable visionary and 
banished to the background of dreamland, and the 
craftsman valued no more than the coarsest workman, 
that art and a responsible sense of cost are closely 
allied. But there! I see that you are bored. So, I stop.” 

The least diameter of a cable joint is obtained by 
stepping the conductor joints as shown in Fig. 1, and 
the shortest length by arranging all conductor joints 
centrally between the two crutches, as shown in Fig. 

2. But, as it is axiomatic that so little of the cables 
to be jointed should be disturbed as is fit to the case, 
so, as a general rule—a rule which in practice seldom 
need be broken—cables should be jointed with the con¬ 
ductor butts all midway in the length of the joint. 


Jointing Procedure. 

Jointing operations may conveniently be divided 
into those concerned with (1) the conductors ; (2) the 




Fig. 2. Central Conductor Joints 
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insulation ; (3) the sheath, and (4) the armour. Under 
those headings and in that order, I shall deal with 
them, firstly, as has already been stated, in a prelim¬ 
inary survey, then, in detail. 

Conductors. 1. Where every operation is important, 
it is, perhaps, out of place to emphasize one more than 
another. Nevertheless, as there may he degrees of 
importance, it may be contended that the nearer the 
part to the centre of the joint, the more important is 
the operation concerned with that part. So, the most 
important operation of all may be said to be the sweat¬ 
ing ; then, the insulating ; next, the plumbing ; and 
last, the fixing of the outer cover. 'Whether or not the 
contention be correct, it is certainly very important 
that the conductors be soundly joined. Of the ways 
in which that may be done, three deserve mention. 
They are these : by lapping ; by using a ferrule ; by 
using braid. The last is to be specially noted, because 
its high tensile strength makes it nicely adapted for use 
in those situations, and they are many, in which expan¬ 
sion and contraction of the conductor occur ; but when 
those processes are extreme, as, for instance, in colliery 
districts, the only way to avoid rupture of the con¬ 
ductor is to allow for its movement. One way in 
which that may be done is by means of an expansion 
j oint. 

Insulation. 2. The part of a joint upon which most 
time and ingenuity have been spent is that of the insu¬ 
lation, but to enumerate, let alone describe, all the 
ways that have been proposed, or even used, would be 
both tedious and needless. Therefore, all that I shall 
attempt to deal with are those ways possessing the 
merit of being simple and the quality of being imitative. 
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They may be divided into two groups, one in which 
paper, the other in which cotton, is the mainstay. 

From the principle of imitation, it would naturally 
be supposed that paper should be used to insulate the 
jointed conductors. And so it is. But, exactly to imi¬ 
tate the cable by wrapping paper tape round the con¬ 
ductors is impracticable under the circumstances 
governing jointing, for not only does the wrapping take 
much time, but, in order that the imitation may be 
approximately complete, the insulation of the cores 
has to be stepped, or tapered, for such a distance 
that the tapering takes up much time, too. Beside, 
unless delicately handled, paper tape will crinkle ; its 
tensile strength is low, so permitting but slight strain 
to be applied in the wrapping, with the consequence 
that looseness of the tape results in imprisonment of 
air between the layers; and a long exposure to a 
possibly humid and dusty atmosphere detracts from 
its value as an insulator. 

However, paper in the form of tubes made of wrapped 
paper of similar thickness, and impregnated with a 
similar compound, to that used in cable manufacture, 
presents a material at once easy to handle and closely 
akin in its form, as well as in its matter, to the cable 
insulation. (Solid walled tubes of paper pulp have 
been used, but, although simple, they are only imita¬ 
tive in their matter and lack the dielectric strength of 
laminated tubes.) 

But, paper tubes, hr order to fulfil their function to 
the best advantage, need to fit neatly the core insula¬ 
tion, and so to be specially made for each size of cable. 
That is a disadvantage. Therefore, where conditions 
permit, that is to say, for cables having working 
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pressures up to 12,000 volts, a form of insulation possess¬ 
ing the merit of being readily adaptable to any size of 
cable deserves consideration. Such an insulation is 
cotton tape impregnated, as in the case of the tubes, 
with a compound similar to that contained in the cable. 
Apart from the simplicity and imitativeness of using 
such a compound, there are other reasons for its use, 
and they are that it is by no means certain that, if 
different compound were used, it would coalesce, or its 
electrical properties would usefully mix with the cable 
compound, for it may well happen that two compounds 
either of which by itself would be satisfactory, would, 
if used in conjunction, not share the stress in the way 
which geometrical considerations alone would indicate. 

If it were possible to exclude all air from between the 
bunched insulated cores, they could be enveloped by 
wrappings of paper or cotton tape to the requisite 
thickness, and the joint completed by forming a sheath 
directly upon them. But while, doubtless with much 
care and patience, it might be possible so to pack the 
spaces between the cores with impregnated yarn or 
paper that little air would be imprisioned, yet the 
practical difficulties of so doing would be exceedingly 
great. Therefore (and because of one other factor,, 
later to appear), another method of completing the 
insulation has to be adopted. This might consist in 
securely binding together the bunched cores with one 
or more belts of paper or cotton tape, enclosing the 
whole within a sleeve, and in filling that with com¬ 
pound. But, the introduction of compound within 
the sleeve involves problems of its own which have to 
be surmounted by slightly altering the method of bind¬ 
ing the cores together. In fact, the cores are kept. 
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.apart, so that air can escape and compound enter 
between them. 

For reasons similar to those given in the second pre¬ 
ceding paragraph, it is advisable that the compound 
used to surround the main insulation of the joint should 
be similar to that used to impregnate the cable and 
joint insulation ; and in cables for working pressures 
of 20,000 volts and over, such a compound is impera¬ 
tive. But, thin sleeve filling compound is liable to 
leak from the joint into the cable and so necessitates 
an arrangement of the sleeve such that a reservoir of 
compound is present to make up for the leakage. So, 
for pressures up to 12,000 volts, a more viscous com¬ 
pound presents advantages. 

The Sheath. 3. Because the joint insulation is simi¬ 
lar to the cable insulation, so, in like manner to the 
cable, should the joint insulation have a waterproof 
covering ; and because the cable covering (the sheath) 
is of pressed lead, so should the joint covering (the 
sleeve) be of pressed lead. And, in order that a rela¬ 
tively unhurtful path may be afforded whatever cur¬ 
rents may be in the lead, as well as for the purpose of 
making waterproof connection between the sheath and 
the sleeve, the two should be joined together by a 
plumb. Therefore, it will be seen that those joint boxes 
of wood, earthenware, iron, and other materials, with 
or without bonding arrangements, are not proper solu¬ 
tions of the problem: they are commercial makeshifts, 
or needless complications, and so will not further be 
mentioned herein. 

Armouring. 4. To carry the rule of imitation to a 
logical conclusion would necessitate wrapping round 
the sleeve a waterproof serving and armour wires as 
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in the cable, but to do so ■would be a long and, at its 
best, a doubtfully efficacious proceeding, especially in 
the matter of bonding. So, a method of protection is 
adopted which answers all the purposes of the serving 
and the armour, and answers those purposes efficiently. 
That method is to enclose the joint sleeve in a cast-iron 
box to which the armour is securely clamped at each 
end, and to which the sleeve is bonded. And, in order 
that water shall not collect with possible deleterious 
effect on the sleeve, the box is filled with waterproof 
compound. 

Need for Practice. 

The reader will not become a jointer or an engineer 
simply by poring over my pages. Practice is essential 
for both. Therefore, let him take a length of cable, a 
length of lead pipe, and the sundry materials needful 
to make a joint; let him take a kit of tools, and let 
him make a joint, two joints, many joints: by the time 
he has perfected his technique, he will have extended 
his knowledge of the design and construction of joints 
to a surprising extent, for words, useful enough as they 
are to indicate a method, will not give that skill which 
only practice can. 

The Ideal Jointer. 

Pursuing my plan, which is to separate each section 
from the next by a page or two of lighter matter, I will 
here say a few words on a matter of moment and one 
which, were I treating the subject in strictly signifi¬ 
cant order, should have had its place at the very begin¬ 
ning: In jointing, as in every other human activity, 
the man is of prime importance. In passing, it may 
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dwiwd that this importance is duo to his ability 
Im improvise, t»> create. Therefore, it is well that a. 
j.uutf »’*. *piaUlioations ho doiinod : A jointer is a (dean, 
t uirfiil, and intelligent man who, as a. mate from the 
,ig.* „f -ev nfooiJ, has served a five years’ apprentice¬ 
ship to t ho t rath*, ami win*, during that apprenticeship, 
h,* at ft nd‘d o\oiling classes or made such studies as 
tjppMti unit \ pci miltot|. 

Mn»- ».f thi»-o automatons turned out by a factory in 
*» mouth ft* »lt« a partieulnr job, is not a jointer, but 
t>nU tui*- more of those machines which are yearly 
U,t«g . w»Ued fo de-troy all workmanship, all pride, 
tU low ,-l \tttrk an an expression of oneself, for all lie 
» m »}** i- fo make one special kind of joint in one 
i,d mu rnaler one special condition. A jointer is 
H mn h ime who will tackle with confidence any joint, 
anywhere, aiiv time, and make a sound job. Suoli a 
m «i» ,* not made in a month, or from a man selected at 
random Hut her, he should In* selected by an ongincor 
after a -ample joint has been made. Then, if that is 
*nti*hietory. let him make lowdension joints; then, 
|ri him make high ten-ion joints ; and then, when ie 
}ir»* gained Hint confidence in himself which is asiveees- 
^ rv in the intelligent us diKastrmis m the ignorant, let 
him make joints for the highest tensions. 

At the moment then' are not enough Inghly-slviUcd 
men for the work that has to he done. boro neve 
wilt be tm!e«* Interested firms engage andkeep su ¬ 
able vouths mt jointers' mates, hvtrn if they ataited 

meohanioB who have already had 
?£££ 2 or the Other trade, and to gwe them 
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an intensive schooling in jointing. There are surely 
plenty of such men about who would be glad of the 
chance. At present, a deterrent to the training of 
jointers is the risk there is of losing them and the con¬ 
sequent loss when they leave the trainer; but if all 
contributed to their training, all would benefit, no 
matter whether a man left one firm to go to another or 
not. Therefore, why should not the cable companies 
and the large supply companies, in fact, all those inter¬ 
ested in sound jointing, combine to institute a joint¬ 
ing school, and thus equitably to distribute the cost 
of training jointers ? 

About Tools. 

In addition to the man, his tools call for comment, 
because, although it is quite true that a poor workman 
blames his tools, yet it is also true that a good man can 
do better work with good tools than he can with poor 
ones. 

Jointer’s tools should be of the best quality obtain¬ 
able and should be single purpose tools. That is to 
say, they should not comprise a spanner combined with 
a hammer, or pliers with gadgets for twisting and cut¬ 
ting wire, gripping pipes, screwdriving, and levering, 
or a knife with a hundred and one blades; for combina¬ 
tion tools, while the joy of the schoolboy, are a source 
of annoyance to the skilled man. 
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CHAPTER II 


LAPPED JOINTS AND FERRULE JOINTS 

Tents and Joint Holes. 

Now, I am about to consider the design and con¬ 
struction of joints in detail. First, however, it will be 
well to point out that the joint hole should be of ample 
dimensions. The tent should be of ample dimensions, 
too. In fact, there should be two tents, one to cover 
the joint hole, and one to cover the tools and material. 
Also, when there is a likelihood of much rain or seepage, 
the hole should have a sump in one corner, and a pump 
should be mounted above ground on that side of the 
tent remote from the opening ; beside which precau¬ 
tions, the hole should be floored with wood in order to 
prevent splashing. Another matter deserving notice 
is this: all the operations of jointing should be con¬ 
ducted with great care. And, not only care, but with 
knowledge, too. Knowledge that water, dirt, and air 
are inimical to the satisfactory working of a joint. 
And not only that knowledge, but knowledge of how 
to compass the end in view in the best way. 

How not to Make a Joint. 

As care is generally recognized as a desirable quality, 
it is needless to enlarge upon the point, but as the need 
of knowledge, in connection with, jointing, has not 
general recognition, an incident to enforce this point 
will be in place. So : An engineer, conscientious and 
persevering, set out to supervise the jointing of a 
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l°ng cable by a jointer, also conscientious and perse¬ 
vering. Each joint was carefully made and carefully 
inspected. But, soon after the cable was put into 
commission, the whole of the joints had to be remade. 
'Why ? Why, because the engineer, having his head 
as well as a pocket book stuffed with formulae, more 
or less acquaintance with electric theory, experience 
of machine construction, and even of cable making, 
liad no knowledge of jointing. (Let it not be thought 
that either the engineer or theory is to be belittled. 
By no means: both are useful, but both are more 
useful when experience guides the one, and practice 
reinforces the other.) Consequently, his supervision was 
to him to be a lesson, a lesson which, unhappily, his 
underling was ill-equipped to teach, for the jointer was 
a labourer promoted in an emergency to make a low 
tension joint, and, by dint of luck, to make high ten¬ 
sion joints, too. And what were the joints like 1 
Like this: Conductor joints stepped, but as the ferrules 
overlapped, the stepping was robbed of all meaning. 
The conductors had been poked into the ferrules, all 
very neatly and carefully ; but, while the holes in the 
tops of the ferrules had been filled with solder, yet the 
conductor strands were quite destitute of that con¬ 
solidating alloy; and, as tool marks plainly showed, 
surplus solder had been removed by a file. Over the 
ferrules, tape had been wrapped to a great thickness, 
again, all very neatly and carefully, but so great a 
thickness had been wrapped that the insulated cores 
touched the sleeve ; and a greater fault, the tape had 
that dark colour characteristic of overheating, and its 
fetidity confirmed the evidence of sight. The sleeves 
were well plumbed to the sheaths, and so gave that 
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appearance to the completed joints which, no doubt, 
accounted for their maker’s reputation as a good 
jointer ; but, under the plumbs, holes in and sagging 
of the sheath showed that metal had been poured on 
by a generous but unskilled hand. And, inside the 
sleeve, deep hollows in the compound, and surfaces 
pitted with craters. And, all was due to lack of proper 
knowledge. 

The Prime Causes of Failure. 

Upon a fault occurring in a joint, the usual assump¬ 
tion is that the source of the trouble lies in the 
insulation. Why that should be so is not clear, as 
it is' equally possible that the trouble is rooted in the 
conductor, for experience has taught that faulty sweat¬ 
ing of conductors has been responsible for very many 
breakdowns and that, unless the conductor joint be 
soundly made, no amount of insulation will avail to 
prevent failure. These are reasons, reasons making 
strong appeal to the practical engineer, why great 
attention should be paid to proper soldering, and why 
I shall devote many pages to a description of methods 
of conductor jointing. 

“Lapping” the Conductors. 

When material for jointing otherwise is not available, 
conductors may be “ lapped ” in this way: 

Taking nineteen strand conductors as an example, 
let the two to be joined overlap three inches. Turn 
back the outermost layer of strands on each conductor 
three inches from the ends. Sweat solid the exposed 
seven strand centres ; saw one and a half inches off 
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each end ; butt the new ends and keep them in posi¬ 
tion by soldering the butt. Cut off one of the outer 
strands of one conductor at the point where it is turned 
up ; lay the corresponding strand of the other conduc¬ 
tor neatly on to the sweated centres so that it just 
meets the strand that has been shortened; cut off 
three inches from the strand next the one that has 
already been laid upon the centres, and lay the corre¬ 
sponding strand of the other conductor alongside the 
one already in position. Proceed thus until all the 
strands are laid up. Bind the whole of the laid up 
strands together tightly, closely and evenly with 
tinned copper wire, say of 20 gauge, from half an inch 
beyond one set of outside butts to a similar distance 
beyond the other set of butts. Solder, and a solid 
mass of conductor is obtained but slightly exceeding 
in diameter that of the untouched conductor. The 
nearly finished joint and one stage in its malting are 
illustrated in Pig. 3. 

Por conductors having more than nineteen strands, 
the inner nineteen should be treated as just described, 
except for the binding, and succeeding layers of strands 
should be laid up as the outside layer of the nineteen 
strand conductor, with an additional half-inch of inter¬ 
lace at each end in each layer over the one within it, 
and bound overall as in the preceding case. 

That process, while sound and as nearly imitative 
of the cable conductor as the conditions permit, is a 
lengthy one and entails disturbance of the conductor. 
So, because time is an important factor in jointing, 
and because disturbance is to be avoided, it should 
not be used when it is practicable, as generally it is, to 
use one of the methods about to be described. 
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Use of Ferrules. 

Because of the comparative ease with which it can he 
made, the conductor joint most commonly used is that 
wherein the ends are inserted into a slotted metal tube, 
the ferrule, and the whole consolidated by pouring in 
molten solder : a seemingly simple matter. Neverthe¬ 
less, the design and construction of ferrule joints need 
thought and care. 

Imitating the conductors, the ferrule should be made 




Fig. 3 


of annealed drawn copper. And, to avoid overheating, 
it should possess equal conductivity. So, the metals 
being alike, the cross-section of the ferrule metal should 
equal that of the conductor metal: the loss of conduc¬ 
tivity due to the slot and to the slight increase of bore 
needed to enable the ferrule readily to slip over the 
conductors, may be balanced against the gain due to 
the butting ends. To fix the length of the ferrule, the 
assumption may be made that one hundred amperes 
per square inch is a safe rating for soldered contacts. 
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Putting these conclusions into formulae, the principal 
dimensions of the ferrule are— 


and 



A + -785d 2 
*785 


2C 


100 X 3*Ud 


where D = overall diameter of ferrule ; 

A = cross-sectional area of conductor ; 
d = diameter of conductor ; 

L = length of ferrule ; 

and C = current to be carried by conductor ; the 
bore being from one to two mils, but never more than 
five mils, greater than d. 

To permit of the proper flow of solder into the 
ferrule, a slot, or a row of holes, of a width equal to one- 
fourth of the conductor diameter and extending to 
within half an inch of each end of the ferrule, should 
pierce its wall. 

In high tension joints, where it is important that no 
detail should be neglected that will conduce to the best 
result, advantage should be taken of our present 
knowledge of the incidence of dielectric stresses, and 
the ferrule rounded by a full curve, which, by the by, 
also gives approximately the economical shape from a 
conductivity standpoint; but in low tension joints 
such rounding is practically needless, although all 
rough edges should be removed in order to prevent 
injury to those having to handle them. In medium 
pressure joints, say, for joints on cables having working 
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pressures from one to twelve thousand volts, where the 
expense involved in machining the ferrules to the full 
curve is not so needful as in higher pressure joints, the 
ends may be rounded to a radius not less than that of 
the conductor they are to be used upon. This per¬ 
missible case is illustrated in Fig. 4b, and the other 
cases in Figs. 4a and 4c. 

In making ferrule joints, the conductors to be joined 
should first be sweated solid (when circular sectioned 
ferrules are to be used upon delta conductors, the 
latter should first be rounded. This may readily be 

i rrz 

(«) 

effected by squeezing the core with pliers before remov¬ 
ing the paper); then inserted into the ferrule so that 
they butt at its centre, and then the whole consolidated 
by pouring in hot solder until it flows freely from the 
ends of the ferrule ; and cooler solder until the whole 
of the ferrule and conductor becomes one solid mass 
and the slot is filled with solder to the level of the out¬ 
side of the ferrule wall. 

The dimensions resulting from the use of the formulae 
given on the preceding page, relate to ferrules for cir¬ 
cular stranded conductors. For delta conductors, the 
diameters, inside and outside, should be slightly larger 
owing to the difficulty there is of rounding the conduc¬ 
tors in order to make them enter the ferrule. Because 
of that difficulty, and because, when tubes form the 
insulation, of the necessity to have an even surface, it 
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Fig. 4. Ferrules 
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is preferable to have ferrules for delta conductors 
shaped similarly to, and bored so that they neatly fit 
the conductor. Such ferrules are more costly to manu¬ 
facture than circular sectioned ones, but as they involve 
no disturbance of the cable conductor, so they ensure 
a sounder joint, and save time in its making. How¬ 
ever, both expensive ferrule and difficulty of rounding 
may be avoided by the use of the method next to be 
described. 

Strength of Ferrules . The tensile strength of a fer¬ 
rule joint of the length needful to suffice for electrical 
considerations is much less than that of the unbroken 
conductor. Therefore, in situations where the conduc¬ 
tors are liable to be subjected to tensile stress, a stronger 
form of joint is desirable. 

Such situations occur more commonly than is usually 
recognized, in fact, in all cables carrying loads whioh 
vary from day to day, expansion and contraction of 
the conductors take place, especially so in large low- 
tension cables carrying heavy currents. Also, there is 
the expansion and contraction due to seasonal varia¬ 
tions of temperature. That the internal'stresses set 
up in the cable conductors by temperature variations 
are negligible is disproved by experience. In fact, 
many instances could be cited in which the conductors 
had completely left the ferrule. No doubt, when cables 
are drawn into duct lines whose manholes provide for 
bends in the cables therein, the expansion and contrac¬ 
tion due to temperature changes are taken up by the 
bends; but in cases where long straight lengths are 
installed, as, for instance, where cables are laid direct 
in the ground, consideration should be given to stresses 
likely to be set up in the conductors by heating and 
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cooling of the cable. The rupture of the joint by such 
stresses could, doubtless, be overcome by the use of a 
long lapped joint, or even by a long ferrule ; but, as 
short joints are to be preferred to long ones, a method 
of conductor jointing which reduces the length while 
retaining the strength presents advantages. 




CHAPTER III 

BRAID JOINTS AND EXPANSION JOINTS 

Braid Joints. 

In order to meet the need for a conductor joint possess¬ 
ing high tensile strength as well as high conductivity, 
Mr. Charles Vernier, than whom no engineer has taken 
greater pains to improve cable jointing, invented the 
Braid joint. This is illustrated in Pig. 5a, and consists 
of strips of braided fine gauge copper wire laid length¬ 
wise on the conductors to be joined, bound with bind¬ 
ing wire over their entire length, and the whole soldered. 
The flexible braids compress closely into all the crevices 
between the wires forming the outermost layer of the 
conductor, so that copper to copper contact is large. 
So much so, that an unsoldered joint requires the exer¬ 
tion of much force to pull out. Further, delta and 
circular conductors can be joined equally well with 
braid, as it readily adapts itself to their shape, which 
is retained throughout the joint. 

Soldered joints made in this way have a tensile 
strength approximating very closely to that of the con¬ 
ductors up to a cross-sectional area of -15 sq. in. ; but 
larger conductors, in order to obtain similar tensile 
strength, should be joined as shown in Fig. 5b, from 
which it will be seen that each layer of wire in the strand 
is stepped back and the spaces so formed filled with 
braids which are finally bound and soldered as before. 
This second type of braid joint, applied to large con¬ 
ductors, is particularly well suited for work where 
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soldering is prohibited, for it may remain unsoldered 
and still retain good conductivity. 

A satisfactory braid joint is made as follows: The 
ends of the two conductors to be joined are separately 
soldered solid and butted. While still hot from the 
soldering, a little solder is poured over the butt and 
the conductors wiped clean. (This soldering of the butt 
is not essential, but it is a helpful jointer’s trick to keep 
the conductors in position during the subsequent opera¬ 
tions.) Lengthwise across the butt, strips of braid of 
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Fig. 5. Braided Joints 


the appropriate weight and length, after shaping, are 
laid and lightly hammered until their edges meet around 
the circumference and their ends gently slope to the 
conductor. Tinned copper wire of suitable gauge is 
then bound tightly, closely, and evenly over the whole 
length, beginning on the conductor at one end and 
finishing on the conductor at the other end. 

Then, the whole is soldered. In soldering, let the 
metal be clean and hot, and let there be plenty of it: 
simply to pour a ladleful of dirty or just molten solder 
over the binding wire is useless, for such will not pene¬ 
trate to the inside, and a joint is obtained which, as 
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well as being externally unpleasing 
current approaching the capacity Mcable flows, 
and disaster follows. Therefore, poDs^y^^the joint 
ladleful upon ladleful of hot, clean soMejp 
judged—experience only will enable a right'^judgnikl!^ 
to be made—that the whole joint is thoroughly hot 
and that metal has penetrated into all the crevices. 
Then pour cooler and cooler metal until the whole is 
about to solidify. And then, quickly wipe the joint 
and adjacent conductor with a fine, clean rag in order to 
remove unwanted metal. Never use a file for that 
purpose. Again, never use a flux containing acid or 
salts, as either may cause subsequent damage by corro¬ 
sion. Eather, use only resin as a flux. Or, with 
recalcitrant copper, use the paste obtained by heating 
and mixing together five parts of resin to two of palm 
oil. 

Preparation of Solder. 

As it is of the utmost importance that solder should 
be clean and correctly proportioned, it is proper here to 
describe a method ensuring both: Heat in an iron pot, 
well bedded in a coke fire so that the heat is as evenly 
distributed as possible, so much lead as is needed to 
make the amount of solder required, which amount 
should be only what will suffice for, say, a week’s work. 
On the top of the molten lead, place a few lumps of 
sulphur of the size of a walnut and, when they have 
melted, mix lead and sulphur thoroughly, and sldm 
any dross that forms from the surface. Add sulphur 
until dross ceases to form. Then, add a lump of tallow, 
and mix well with the lead. And then, add a lump of 
resin and mix again. . The result will be a clear silvery 
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liquid. Weigh it, and add twice its weight of tin. 
Stir well and the solder is ready for use. These rules 
apply equally as well to lapped and ferrule joints as to 
braid joints, and their observance will ensure a joint 
solid throughout, and smooth on the outside. So, 
satisfactory as a conductor and as a bed for the 
insulation. 

Because of its adaptability, the braid joint is to be 
preferred for the jointing of delta-shaped conductors 
in all cases, and, because of its high tensile strength, 
for the jointing of circular conductors when tensile 
stresses are likely to be a source of trouble ; but its high 
conductivity and simplicity are greatly in its favour 
under all circumstances. 

Expansion Joints. 

Before leaving conductor jointing, mention must be 
made of the only expansion joint which has given proof 
over a long period of its suitability for the purpose for 
which it was designed. Others have been proposed, 
even used, but the Vernier Expansion Joint is the one 
meriting attention. In this joint, the two conductors 
to be joined slide within a brass tube having centrally 
and externally attached two or more copper braids 
whose ends are sweated to the conductors beyond each 
end of the tube. The joint is illustrated in Eig. 6a, 
which shows the relative positions of the parts as 
installed ; and in Eig. 6b which shows the positions at 
maximum expansion. To reduce the stress in the insu¬ 
lation, this joint may be surrounded by a copper tube 
well rounded at the ends and electrically connected 
to the conductor. 

It must not be supposed that such a joint will 
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altogether prevent trouble arising from expansion or 
eontraotion, At the most, it is a delaying accessory, 
which will fulfil its purpose so long as the expansion is 
not extreme, and its useful field is in districts where 
subsidence is oommon. 


CHAPTER IV 

INSULATION 


Insulating the Joint. 

To insulate the jointed conductors is essentially a 
simple proooss, the ohiof requirements being care and 
cleanliness: care should be taken that all material is-of 
the right quality, and that it is dry and dean; and 
oare should bo taken, too, that the jointer’s hands are 
dry and dean. With those precautions, an inexperi¬ 
enced but sensible man can acquire the little skill 
needed efficiently to perform tho operations after a few 
attempts ; although, of course, the more the praotioe, 
up to the limit of a man’s aptitude, the greater the skill. 

At the outset it must be said that no perfeot way 
to insulato a joint has yet been discovered: all ways 
are subjeot to difficulties, the chief difficulty in every 
oase consisting of that of excluding air and its contained 
moisture from within the sleeve. 

Before dealing with tho eminently practical, I must 
note that the most truly imitative joint is that in 
whioh impregnated paper tape is wrapped round the 
parts to be insulated. Anterior to the wrapping, the 
core insulation is tapered for a length equal to thirty 
times the thiokness of the insulation round the core. 
“ Oh l But,” I heard, " what a sharp knife that would 
need l ” Thereat, having myself learnt tho process 
only the day before, I laughed (inwardly, of oourae). 
Why ? Why, because there is a method of tapering 
whioh is so pretty, so neat, so rarely adapted to its end, 
that, were it not that time is an important limitation 
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to joint making, there would be little need to seek 
further for a means of insulating a joint. The method 
whioh so arouses my admiration is this: With a wire 
so ohosen that one, two, or threo diameters gives the 
advanoo needed, the core is bound witli one or more 
turns of wiro at the point where the top of the slope 
is to be; then the outermost layer of paper is un¬ 
wrapped from the core and tom off close to the binding ; 
butting against the preceding turns, one, two, or three, 
according to the slope required and to the size of wire 
being used, turns of wire are bound olosely and evenly 
round tho oore denuded, as it has been, of ono layer of 
paper; then, the next layer of paper is unwrapped 
and tom off; again, one, two, or three turns are bound 
dose against the preceding turns and another layer is 
unwrapped and tom off; and so on until the conduc¬ 
tor is roaohed. In that way, a regular taper, or 
stepping, of the insulation is obtained. But, pretty 
though it be, being, as it is, the inverse of the tapering 
prooess, the wrapping of impregnated paper tape round 
the parts so prepared is a long and monotonous task 
affording many loopholes for subsequent trouble. 

A drawing of a oore insulated in the way desoribed 
is, however, given in Fig. 7. 

Exotasion of Air. 

From the standpoint of simplicity, imitation, and 
case of manipulation, paper tubes impregnated with 
oil are a form of insulation presenting many advantages. 
(Here and hereafter, unless the oontoxt dearly imply 
that a distinction is to be mode, " oil ” signifies 
the material used to impregnate a oable during its. 
manufacture.) They may be applied oither directly in 
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oontact with the jointed conductor and core insulation, 
or a spooe may be loft between the inside surface of 
the tube and the ooro. In tho one oase, the attempt 
is made to exclude air at the time the tube is being 
placed in position. In the other case, the attempt is 
made subsequently to drive out the air, but this 
method has difficulties of its own whioh, it is true, have 
been, at least* partially, ovoroome by various means, 
that is. by vacuum pump exhausting, by canting the 
joint, by filling from the bottom, by forcing compound 
through the joint, and by combinations of these, all of 
which add considerably to the oost of jointing. Beside, 
tho use of looso tubes necessitates a scaffold within tho 
slcovo for thoir centralization, and gives to the con¬ 
struction that appearanoo of clumsiness, often of flim¬ 
siness, whioh is indicative of poor design. So, the 
former method is the one to be preferred, because it is 
the simpler, and because experience has shown, at any 
rate for pressures up to 20,000 volts, that as good 
results oan bo obtained by itB use as in the other way. 
However, a process which involves no expensive 
apparatus, no alteration of joint design, and ensures 
the oxolusion of air and moisture from the joint insula¬ 
tion, is that whereby the whole of tho insulating opera¬ 
tions are oarried out under oil. Such process has been 
put only to experimental use, but there appears to be no 
valid reason why it should not be extensively adopted, 
and it is here advanced as a practicable method for 
uso in conjunction with tubular insulation. 

In all oases of the uso of paper tubes, the surface of 
tho core and oonduotor joint should be in alignment for 
tho full length of the tube. To make ib so, a ferrule 
having similar external dimensions to the insulated. 
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cable core is permissible, but it is preferable that the 
jointed conductor should be lapped with impregnated 
oottou tape until the length upon which the tube will 
bed is Bmooth and straight. 

Paper Tube Insulation. 

Of the ways in wliioh paper may he applied in tubu¬ 
lar form I will mention four: 

1, The Tapered Soli Method. The one permitting ot 
least dimensions is beautifully simple; but, like many 
other simple things, it was the last discovered. This 
may be owing to the simple being the outcome of a 
new idea, whereas the complex, that is, the relatively 
complex, is no more than the combination of previously 
known things. Be that as it may, the inventor, who¬ 
ever he may be, of the tapered roll which is wound on 
to the oore without touch of hands, except on the 
outermost layer, deserves all praise. In faot, I admire 
this method so much, both beoause of its form and 
because of its manner of application, that I consider 
its inventor a genius. After so muoh commendation, 
it will, perhaps, be expeoted that a weird and wonder¬ 
ful contrivance is to be disolosed. But no, not at all; 
for, as I have already said, the matter is so simple as 
may be. It oonsists of this: A sheet of paper of appro¬ 
priate length (the length varies with the size of the 
conductor and voltage of cable—in faot, it varies from 
a few feet to many tens of feet) is out lengthwise so that 
it tapers from a width equal to that of the maximum 
length of tube, that is, the length of the tube bedding 
on the oore, at one end of the sheet to a width equal 
to the length of tube of maximum diameter at the 
other end; half of the difference between the two 
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widths being equal to the length of the taper at each 
end of the completed tube. The sheet is rolled on to 
a tubular former haying a diameter approximating to 
that of the oore to be insulated, and is impregnated 
and dispatched to the site in sealed tins. There, it is 
wound on to the oore by passing the outside end of the 
roll round the roll and tho oore, and then unwinding by 
turning the former with the fingers. When all is 
unrolled, tho former is withdrawn, the inside end of 
the roll held on to the oore so that the completod tube 
will lie symmetrically, and the roll tightened by con¬ 
tinued turning of the outermost layer until the whole 
is a thoroughly compact tube, tightly bedding on and 
surrounding the jointed oonduotor and adjacent parts 
of the oore insulation. A oore insulated in this manner 
is illustrated in Fig. 8. However, in particular, there 
is one drawback to a tube so put on, and that is that 
air is almost cortainly entrapped between tho layers 
during the winding-up process. Were tho wrapping on 
site done under oil, no better method of insulating 
could he desired. But, as tho winding on in tho way 
described is a proprietary prooess, and as it is well not 
to have to rely on such a process, an alternative 
method should bo available. It is. It forms tho sub¬ 
ject of the next paragraph. 

2. The Slip-on Tube. A form of paper tube which 
does not suffer from the drawback above mentioned 
is that wherein a tube, as in Fig. 0, is wrapped and 
impregnated in the faotory all ready for slipping on to 
the core. In this case, tho inside diameter of the tube 
should be slightly greater than tho outer diameter of 
the oore, so that the ono will readily pass over the 
other. Before fixing these tubes in position, the jointed 
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conductor is made level with the ooro insulation, and 
the whole is taped with a fine impregnated tape to 
suoh diameter that the tube is brought over the parts 
to be insulated with difficulty, the parts having pre¬ 
viously been well ooated with oil. In this way, air is 
exoluded from the inside of the tube—to some extent, 
at least. The drawback to this form of tubo is that 
the tubos have to be slipped over the oores before the 
conductors are jointed, and so the length of the joint 
has to bo much more, and so more cable has to be 
disturbed, than otherwise would be the oase; not¬ 
withstanding that, this tube is the one best suited to 
our purpose, especially so whon slipped, as it may be, 
into its final position under oil. As, however, mean¬ 
ingless corners are as abhorrent to the engineer as to 
the artist, so should they be eradicated from the tubes 
by tapering the paper of which the tubes are made. 
And so a Gore insulated in this way appears similar to 
a oore insulated with a tube of Form 1. To make tho 
.matter quite dear, in Fig. 10 is given a drawing of a 
tube in position. 

3. The Slit Tube Method, Another form of paper 
tube is that in whioh one composite tube is made up 
of a number of component tubes eaoh having a wall 
not exceeding one-eighth of an inoh in thickness, in 
order that it may readily oompress either on to the 
oore or on to the component tube beneath it, and eaoh 
slit lengthwiso for oonvonienoe of assembly, in whioh 
operation the Blits are staggered so that a long creep- 
age path exists between the boner and outer surfaces 
of the composite tube. Previous to placing the com¬ 
ponents in position, each is smeared with oil so as to 
ensure as far as practicable the oxolusion of air and 
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the adhesion of one to another. However, these tubes, 
illustrated in Fig. 11, although in their time extensively 
used, are awkward to fix, and the partial destruction 
necessary to place them in position is objectionable. 
So, in spite of the short joint their use permits, they 
are not to be recommended. 

4. Another Method . Yet another method, see Fig. 
12, would consist of short and long tubes alternately 
assembled, so that no straight path existed from conduc¬ 
tor to conductor through the junctions; but as this 
arrangement presents no outstanding advantage over 
other methods it has not been used. 

General Notes. 

Anchoring. The tube that is rolled round the jointed 
conductor on site can bo put on so tightly that it will 
not slip, but other tubes need to be anchored. ThiB 
may effectively be done by wrappings of impregnated 
cotton tape at the onds of tho tubes, as shown in Fig. 13. 

Paper Tube Dimensions. The dimensions of the tubes, 
owing to the laok of definite information relative to 
their strength, largely depend upon the designer's 
judgment, for suoli tests as are possible, being carried 
out, as mostly they are, on joints made in all the 
seourity of an experimental laboratory, where it is 
impossible adequately to reproduce the risks from 
snow and rain, wind and dust, and the general dis- 
oomfort of the jointer, all of whiah are complemental 
to jointing in the tronoh, are a guide only and not 
definitive: all that tests on sample joints do is to indi¬ 
cate the best results that are likely to follow when 
joints aro made in the way and under the conditions 
of the test joints. 




5^0- 13 Anchoring of Tube 
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As individual judgment is the deoiding factor, I oan 
do no more than to give my own reasons for dimen¬ 
sioning joints. They are these: 

The average breakdown strength of a layer of paper 
in a tube is not less than that of an average layer* of 
similar thiokness in the cable, for the tube paper being 
unbroken throughout its width has not those breaks 
existing in the cable paper. So, it is an assumption on 
the safe side to assume that equal thicknesses of tube 
insulation to aable insulation will possess equal 
strength. But an allowance has to be made for 
tho difference between the conditions of cable making 
and the conditions of jointing. What that allowance 
should be depends upon the way the tubes ore 
mode and assembled. For tubes made in a faotory 
and bodily slipped over the conduotors, a fifty per 
cent inoreaso of wall thiokness will cover all the risks 
of outside work. (Of oourse, skilled workmanship 
is taken for granted. Really, it is not a technical 
matter when it beoomes neoessary to design a joint 
to be mode by the unskilled. In faot, no relianoe 
oan be plaaed on joints so made.) For tubes wound 
on to tile jointed oonduotor in air and so offering 
greater risk of inclusion of deleterious matter, an 
allowance of one-hundred per cent to cover all risks 
should he made. A seventy-five per oent allowance 
should be made for slit tubes—with this addition: one 
component tube, so that in any radial direction, there 
is a full wall of paper irrespective of the space loft 
between the edges of the slits. Thus, a tube to insu¬ 
late a joint in a cable having a core with *1 in. paper 
wall, should have in oase 1, *15 in. wall; in ooao 2, 
*2 in. ; and in oase 3, taking eaoh component as having 
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1/18 in. wall, *25 in. And a cable having a ‘25 in. wall 
should have -38 in.; ’6 in.; and with each component 
'00 in., -64 in. respectively. As the method of arriv¬ 
ing at the thioknesses does not depend on a law deduc- 
ible by a priori reasoning, but is a generalization result¬ 
ing from experience, so also is the method used to 
calculate the length of the tubes ; I reoommend that 
the length of tubes to he slipped over the core in air 
should be based on a creepage allowance of 4,000 volts 
per inch of path. Other forms of tubes need to be 
longer, but all forms may be shorter when assembled 
under oil, in which oase a creepage path of 8,000 volts 
per inch may be taken as perfectly safe. What the 
taper of the tubes should he, I have no definite infor¬ 
mation enabling mo to decide, but my judgment is 
satisfied if the parallel pari of the tube is as long as 
the distance between the cut faces of the oore insula¬ 
tion plus one inoh for each 8,000 volts of working 
pressure. 

Because the olose assemblage of the cores prevents 
oil from entering all the interspaces, cores insulated in 
any of the ways described should eaoh be enoiroled, 
near to eaoh end of the parallel pari of the tube, to a 
radial thiokness- of one-tentli of an inoh, by two bands 
of paper tape of 2 in. width. Then the three oores should 
bo held together, after the interspaces between the 
bands have been filled with shaped wads of paper, by 
two belts of tape, over the hands, to a radial thiokness 
suoh that the total thickness of band and belt is not 
less than the thickness of insulation round eaoh jointed 
conductor, and suoh that the belt will touoh the sleeve 
and so foim a support for the oores. The bands and 
belts are illustrated in Pig. 14. 
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Use ol Cotton Tape, 

As has been aforesaid, the drawbook to the universal 
use of tubes is the need of having them specially made 
for eaoh size of conductor and each working pressure of 
cable, so ail insulation which avoids that drawback 
and which is otherwise suitable, is one that possesses a 
practical advantage which cannot be neglected, and 
such an insulation is impregnated cotton tape, which 
has the additional, if slight, advantage that a shorter 
joint can bo made by its use than by the use of tubes. 
This gain is owing to its flexibility and so to the 
needlessness of having a long straight core in the 
joint. 

Limitations. As one joint should bo made in one 
day by one man, and as the wrapping of sufficient tape 
to insulate a joint for more than 12,000 volts takes up 
more time than is available, so the use of tape is limited 
to joints of that and lower worlung pressures. 

Preparation of Tape. Suitable tapes are finely 
woven ootton with a selvage, and l&in., lin., and 
$ in. wide, and seven mils thick, whioh impregnation 
increases to ten mils. The impregnation may be done 
in the factory in a similar way to that in which the 
oable is impregnated, and the tape sent to the site in 
sealed tins and there, after winding into suitable rolls, 
reheated for suoh time as is necessary to remove all 
trace of moisture. That is the better way, as time is 
thereby saved on the site, but tape may be prepared 
by the jointer in the following way: Clean tape is 
wound, some in small rolls, some on oopper strips, 
3 in. X 1 in. X 20 gauge, or on pieces of hard wood 
3in. X lin. X$in., to mi overall thiokness of £in., 
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and heated in a wire cage immersed in a pan of oil at a 
temperature of from 110° to 115° 0.—the lattoi* tem¬ 
perature should never be exceeded as the cotton wtarts 
to deoompo8o thereabout. When bubbles cease to rise 
to the surface of the oil, the impregnation is complete, 
but the tape should be left in the oil until it is at such 
a temperature that it can be handled with case. Any 
tape left over from one day may be reheated and used 
during the day following. 

Tape so prepared is taken from the pan as required, 
and wrapped round the parts to be insulated, that is, 
the bare jointed conductor and suoh length of tho 
core as will prevent creepage. To be oxaot, tho length 
of the taping will not be less than would be tho length 
of a paper tube for the same olass of cable, and will 
taper gently to the oore in order to avoid the slipping 
of the layers one over the other, and so give to the 
whole a neat appearance. It may be argued that the 
radial thickness of tape to be applied should vary with 
the conditions determining the cable walls. Thus, in 
cables where meohanical considerations aro tho factors 
governing the thickness of tho insulation, tho tape 
should be of similar thiokness to tho core wall ; in 
oables where eleotrio and mechanical factors combine 
to fix the core wall, the taping should have a radial 
thiokness fifty por cent greater than that of tho core 
wall; and, in oables where eleotrio considerations 
preponderate, twice tho thiokness of tape should bo 
applied; so, in cables for working pressures up to 
1,000 volts, the tape should equal the paper wall; in 
oables for pressures from 1,000 to 3,000 volts, tho tape 
should exceed the paper by half its thiokness; and in 
higher voltage oables the tape should be twice the 
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paper. But, as a simple all-embracing rule is better 
than particular directions for eaoh case, so the rule for 
determining the thiokness of tape should be “twice 
the radial thickness of the core paper.” 

Applying the Tape. Eaoh core, having been wrapped 
tightly, olosely, and evenly with half-lapped tape, 
should, in order to allow free passage for the flow of 
compound, be banded at its centre with tape l&in. 
wide to a radial thickness of £ in. Then, a shaped wad 
of tape should be fitted into the oentral cavity between 
the bands, the oores squeezed together, wads placed 
in the outer orovices between the bands, and the whole 
held in position by a belt of tape wound over the bands 
to suoh thickness that the radial thiokness of band 
and belt is not less than the thiokness of tape round 
eaoh oonduotor joint. A joint so insulated is shown 
in Kg. 15. The purist will use bands and wads on 
all oooosions, but the practical engineer, aware that 
small quantities of air in joints working at compara¬ 
tively low pressures have no detootably harmful effect, 
will use them only for joints for over 3,000 volts. How¬ 
ever, there is a reason, a psychological one and one 
that was touohed upon in the preceding paragraph, 
why the standard should be adhered to on all occa¬ 
sions. The reason is this: If exceptions are made, 
men will get into the habit of thinking that the prooess 
is not of importance and so be likely to omit it in joints 
where it does matter. 

It may be noted that as a joint has not to fulfil the 
requirement of flexibility in the way that a oable has 
to, so it is permissible to increase the resin oontent of 
the compound iii which the tape is boiled in order to 
increase its resistance to breakdown by eleotrostatio 
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stress; but as to do so increases manufacturing and 
jointing difficulties, it is not recommended. 

Adding the Compound. 

Although out of the order of jointing operations, yet 
booauso the compound used to fill the sleeve fulfils tlio 
functions of an insulator, albeit its primary function is 
to displaco air, tho filling of tlio sleeve with compound 
will now bo discussed. 

As conditions within tlio joint are comparable, oven 
if not strlotly idontioal, with tho conditions within tho 
cable, and as tho interstices of tho cable are filled with 
oil, so wliat moro reasonable than to fill the joint inter¬ 
spaces with oil, too. And, if tho oil in tho cable is tho 
most satisfactory material for its purpose, is it not 
also reasonable to suppose that a similar oil will bo 
equally satisfactory in tho joint 1 

It would appear so. 

But, apart from purely logical reasons, there is a 
tangible reason for filling tho joint with oil similar to 
that used to impregnate tho oablo: because, during 
oporation, tho cablo tomperature varies: sometimes it 
is hot, sometimes it is cold. Consequently, tho oil 
within tho oablo oxpands and oontraots. Some of tho 
alteration of volume is takon up by the expansion and 
compression of the air within the oablo, and the expan¬ 
sion of tho sheath. But, the more perfeot tho eable, 
the loss air will there be contained within it, and tho 
moro neod will there be to provide room for expansion 
exterior to tiro oablo. And what more convenient 
place to do this than in the joint ? Therefore, and 
booauso it is clearly inadmissible to have different 
compounds within the one cable, tho joint sleeve should 
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lb© filled with oil similar to that present in the cable. 
J3ut to provide a reservoir wherein oil is stored against 
the cable’s need, involves a muoh larger, and conse¬ 
quently a more expensive, sleeve than otherwise would 
l>e needed. 

The higher the rated voltoge of the cable, the moro 
care is there taken during manufacture to ensure com¬ 
plete impregnation. But, in cables rated up to 12,000 
volts, enough air or partial voids exist to act as a 
cushion and so to prevent exudation of oil from the 
cable to the joint. So, joints on suoh oables may be 
without a reservoir. 

But, owing to the faot that cables, when first laid 
£vnd conneatod to a reservoir of oil, suck up oil, it is 
inadvisable to use a thin oompound, suoh as cable 
impregnating compounds are, to fill the sleeve when no 
x’eservoir is present. Therefore, in suoh a oase, a oom¬ 
pound possessing properties directly to he outlined 
should be used. 

The Ideal Oompound. 

A perfoot joint sleeve compound would possess the 
following properties— 

1. Bo a thin liquid at 115° C. This property is to 
enable it to flow” freely into all the interstioos within 
the sleeve at a temperature which will not damage the 
cable or joint insulation, 

2. Be a homogeneous solid at 60° C. This property 
is to prevent it from penetrating into the cable at work¬ 
ing temperatures, and to ensure a regular distribution 
of stress. The temperature of 50° C. has been arbi¬ 
trarily fixed os the maximum temperature roaohed by 
the oompound; but in so fixing it, because definite 
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information on the point is not in my possession, I 
have taken the maximum temperatures of the con¬ 
ductors as 05° C. and assumed that a not less drop 
than 15°C. oocura between the oonduotors and the 
insulation with whioh the oompound is in contact, 

3. Be of tenaoity such that it would not develop 
fissures or holes in the body of the oompound from 
strains set up in itself by oooling. This property is 
an extension of the requirement postulated in 2. 

4. Be of elasticity auoh that it would not develop 
oraoks when subjected to vibration, This property is 
to enable it to withstand the shocks to whioh it is 
liable in the situations in whioh joints are placed. 

6. Possess oonatant volume between temperatures of 
6° and 60° 0. This property is to enable it to keep 
within and to fill the sleeve at all working temperatures. 
No doubt, this is impossible exaotly to attain, but, 
other things equal, that oompound having the lowost 
coefficient of expansion with variation of temperature 
is the best. 

6. Not decompose at 150° C. This property is to 
enable it to withstand the slight overheating such os 
is practically unavoidable during preparation on the 
site. 

7. Have a specifio induofcive oapaoity similar to that 
of the impregnated paper used in oable manufacture. 
This property is to ensure that the distribution of 
stress in the joint insulation is not markedly different 
from the distribution in the oable. 

8. Possess ample resistance to breakdown by elec¬ 
trostatic stress. This property is to enable it to with¬ 
stand the dieleotrio stresses (they are muoh lower than 
the stresses in the main insulation) which are met with 
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in its situation within the sleeve, but not adjacent to 
the conductors. 

0. Coalesce with the oable insulation, and adhere to 
lead. This property is to ensure that there is no dis¬ 
continuity in the insulation, and therefore no liability 
to sudden change of stress or to eleotrostatio discharge. 

10. Neither deteriorate with age, nor attack any of 
tho materials comprising the joint. This property is 
a self-evident requirement. 

A property wliiok is not essential, but which is advis¬ 
able in order that aooidental damage to the sleeve does 
not permit water to penetrate to the main insulation, 
is that tho compound should he non-hygroscopic. 

Summary. 

And what is the sum total of all my remarks on 
insulation ? The sum total is tills: Joints for working 
pressures up to 12,000 volts should be insulated with 
oil impregnated ootton tape, and tho sleeve filled with 
a compound possessing so nearly as possible the proper¬ 
ties already outlined ; and joints for higher pressures 
should bo insulated with impregnated paper tubes 
assembled under oil, and the sleeve filled with oil 
similar to that used in the impregnation of the oable. 



CHAPTER V 

TIEH SLEEVE 

As lias been said earlier in this book, the joint sleeve 
should be of pressed lead. For diameters up to six 
inohes, lead pipo with a in. wall is readily obtain¬ 
able and is sufficiently still for most purposes. Larger 
diameter sleeves, and sleeves'* for special purposes, may 
be made of sheet lead. "In making such sleeves, the 
needful lengthwise joint is best made with a welt as 
illustrated in Fig. 10. 

In general, in preparing the sleeve for the joint, one 
of two forms may bo given to it. One form is eco¬ 
nomical of labour and ensures oonoontricity of cable 
and sleeve, but is wasteful of material and apt to allow 
of air bubbles oolleoting at tho top of the sleeve. The 
second form calls for greater skill on the jointer’s part, 
saves material, and is technically sound. 

Types of Sleeve. 

The one form consists in having a simple cylindrical 
sleeve, in fixing at each end a centring ring of lead, 
having an outside diameter similar to that of the 
inside of the sleeve and shaped as the frustrum of a 
cone, on to the cable sheath; in beating the sleeve on 
to the ring; and in plumbing over the junotions of sleeve 
ring, and sheath, all as shown in Fig, 17. 

The other form consists in beating the ends of the 
sleeve so that they tapor from the filling holes, of 
which there should be two, shortly to be mentioned, 
to the sheath. This is illustrated in Fig. 18. 
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From what has already been said, it will be known 
wliioli form I prefer. But, in order that the advan¬ 
tages of the seoond form should plainly appear, I will 
outline them: The minimum amount of plumbing metal 
is required to ensure a sound wipo at the junotion of 
sleeve and sheath; compound is economized, not to a 
large extent, it is true, but—every little helps; and, 
the outstanding advantage, air pookets are eliminated, 
for whatever air might otherwise collect at the end of 
the sleeve during the pouring of the filling compound, 
rises by gravity to the filling holes, while any air that 
may collect between the holes is driven out by pouring 
in at one hole only. 

The method of preparing the sleeve which consists 
in beating down each end so that it forms a blunt nose, 
is one possessing the disadvantages of both the forms 
previously noted with the advantages of neither, and 
has no exouse other than oaprice for its adoption. 

Filling Holes. 

Filling holes are sometimes made by slitting the 
sleeve and turning up the edges, or by making a V out 
and turning up the tongue, wliioli edges or tongue are 
beaten back into place after the oompound has been 
poured; but suoh methods are dangerous inasmuoh 
as there is great risk, often materializing into faot, that 
metal will enter the sleeve during the soldering of the 
slits or outs. Therefore, suoh methods are not sound. 
Filling holes should be made by, first, boring a small 
hole through the sleeve wall at the point where the 
centre of the filling hole is to be, and then beating up 
the lead so that the finished holes have lips rising like 
oraters from the top of the sleeve. The height of a 
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crater will depend upon the size of the hole, hut with 
a 2 in. diameter hole, a crater wall f in. high can. he 
obtained, and suoh height is proper for the purpose. 
This purpose is to permit of an air space being left 
above the surface of the oompound, so that, when the 




Fia. 10. Emino Hole and Cap 

oaps are being plumbed, oompound will not ooze from 
the holes, further, as in a sleeve completely full of 
oompound, the oompound, when the joint beoomes 
warm and expansion occurs, penetrates into the cable, 
wlienoe, owing to friction, it does not readily emerge, 
and as, therefore, on cooling, voids arise within the 
sleeve, or it beoomes deformed, so a slight, but addi¬ 
tional advantage of having the air space within the 
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orator is that room is provided for a little expansion of 
the oomponnd. The holes and caps are shown in Fig. 
19. 

And so, the fully developed sleeve is shaped as in 
Fig. 20. But that is only for cables having working 
pressures up to 12,000 volts, because, for higher pres¬ 
sures, means have to be provided for large variations 
in the volume of oompound within the sleeve. 

Before t&okling the larger matter, mention must bo 
made of the difficulty of beating heavy sloeves, and of 
those occasions when it happens that room for joint¬ 
ing is so restricted, as, for instance, in improperly 
designed pits, that the sleeve oonnot be slipped over 
the oable before the conductors are jointed. 

Beating Heavy Sleeves. 

The beating down of one end of a heavy sleeve after 
insulating is oomplete, is a baokoching task which the 
lazy and the inexpert may well seek to evade. So, 
suoh workmen may oonsider as permissible the outting 
through of the sleeve at any convenient point, the beat¬ 
ing down of the ends, which have to be plumbed to the 
sheath, before slipping the divided sleeve over the 
oable, and the joining of the two pieces by an enoiroling 
collar whioh is plumbed in place before the ends are 
plumbed to the sheath. The objections to so doing 
are that additional plumbs ore needed, a matter always 
to be avoided, and that a longer time is taken to 
complete the joint. The baokaohing task may bo 
diminished, and risk of damage to oablo and joint 
may be avoided by resting the sleeve, during beating 
of the end, on roller bearings suitably placed. One 
suoh bearing is illustrated in Fig. 21. 
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Seamed Sleeves. 

On ocoasions when a whole sleeve cannot be slipped 
over one of the cable ends, the sleeve may be out 
across into similar halves, eaoh half, after treatment, 
as inchoated in Fig. 22, slipped over a cable end, the 
conductors jointed and insulated, the halves brought 
together and plumbed in the middle, and then their 
ends plumbed to the sheaths. Or, the sleeve may be 
slit lengthwise, opened, put around the joint, closed, 
and the remaining seam plumbed. In preparing a 
sleeve for these operations, the two edges of the seam 
may be halved for overlapping, as shown in Fig. 23a, 
the overlap being not less than f in. That is the better 
way, but as ocoasions to use split sleeves are rare, 
jointers have, as a rule, insufficient practice at this 
work to become expert. So, a permissible seam joint 
is made by saarfing, as shown in Fig. 23b, the overlap 
in this case also being not less than fin. In each 
case, the overlapping part should point downward. 
Never should a seam just butt, and never should the 
plumbing be done when the seam is at the top of the 
sleeve, for in both those ways, metal, while plumbing, 
will penetrate the seam, and either solidify os projec¬ 
tions on the inside, like stalactites in a oavo, and 
appear as the serrated skyline of a distant rango of 
mountains; or fall as blobs on to the insulation, 
neither of whioh happenings are desirable. 

Provision of Oil Reservoir. 

The need to provide a reservoir in joints for pres¬ 
sures exceeding 12,000 volts necessitates modification 
of the sleeve already evolved, when used for suoh 
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joints. In the first place, as the size and functions of 
the sleeve are increased, it should have not less than a 
J-in. wall, in order that it may withstand the meohani- 
cal forces to which it may be subjected. Usually, the 
reservoir has taken the form of one or more domie 
projections from the top of the sleeve, but os suoh 
projections involve speoial work and much expense, so 
a suitable construction using only standard material 
would be advantageous. One suoh construction con¬ 
sists in retaining the form of sleeve already developed 
and connecting the filling holes by an inverted U-shapod 
load pipe having a small filling hole at the top, all os 
in Fig. 25. When that construction is used, the U 
pipe is plumbed in position after the sleeve has been 
filled with oil. Thereafter, further oil is added until 
the desired level is reached, and the small oap is plumbed 
to the pipe. 

That method of providing a reservoir takes up muoh 
room, so, when room is wanting, or when a large reser¬ 
voir is needed, the construction may be adopted wherein, 
still retaining the same general form of sleeve, -one 
or more vent holes are out in the bottom of the sleeve 
and the sleeve enclosed in an outer sleeve plumbed 
in its turn to the Gable shoath and filled with oil to 
the desired level. This construction is shown in Fig. 
24. 

In making a joint with this double sleeve, the vent 
hole is closed until after the inner sleeve has been 
filled with oil, oooled, and the filling holes capped. 
Then, the outer sleeve is drawn into position, th'e ends 
plumbed, the requisite amount of oil poured, and the 
cap scoured. Thereafter, so long as there is oil in the 
outer sleeve, only oil can enter the sloeve proper, 






Fig. 25. TJ-Expansiqn 
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i is kept filled by the pressure of air above the oil 
a outer sleeve. 

modification of the preooding is that wherein tho 
foir is oontraoted to an annular chamber surround- 
10 middle length of the sleeve. This form of rosor- 
josscsses the advantages over its arehetype in that 
i be plumbed in position boforo the sleeve is slipped 
tho cable, and that the stopping of the vent holo 
ig the filling of the inner sloeve is obviated, and 
uoh timo is saved. Still more time oan be saved 
(ranging tho two sleeves oooentrically, as in Fig. 
nd, what is more, any dosired ratio between tho 
ne of air and the volume of oil in the reservoir 
jo secured at one filling by suitably proportioning 
ocentrioity, 

rations for Extra High Pressures. 

r joints of higher working pressures than 20,000 
, a good oaso oan be mado out for maintaining a 
pressure within the joint and Gable, But, to bo 
ether ofiootivo, tho pressure should be applied 
l oablo and joint are at or over maximum working 
oraturo. A modicum of benefit, however, may bo 
nod by foroing air into tho resorvoir, or oil into 
loovo at tho timo of making the joint, 
hen it is desired to maintain a fluid pressure within 
iloovo, a non-return valve may, after the oil lias 
poured, bo fixod to tho holo in the reservoir top, 
iir forcod in until any desired pressure is readied, 
.ho air valve may be omitted, and oil forcod into 
iloovo through a valve fixod in one of the filling 
i. No rule can bo laid down for the size of tho 
voir, or tho pressure to bo maintained within it, 
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for both depend on many factors, among whioh are 
the oooffioient of expansion of the oil used, the per¬ 
centage of air in the oablo, and its length. 

Bcoause holes in the sleeve upset the even distribu¬ 
tion of stress in the insulation, and beoauso the surface 
of the oil within the orators of the filling holes is in 
oontaot with air through whioh electrostatic discharge 
may take placo, a refinement would bo that sleeves for 
very high pressures, say of 30,000 volts and ovor, 
should have their filling holes covered by a sorcen of 
wire gauze which is always below the oil surf nee, and 
eleotrioally connected to the sleevo. An armngoment 
is indicated in Fig. 27. 

Dimensions of the Sleeve. 

The dimensions of the sloeve depend upon the size 
of the conductor and upon the voltage of tho cable. 
Tho itiBido diameter should be such that, in tlio smaller 
sizos of sleeves, thore is a \ in. oloaranec, more or less, 
between the bolting of the bunohod insulated conduc¬ 
tors and tho sloovo wall. This clearance is in order to 
permit tho filling oompound to flow f rooly. Tho length 
should bo such that easy bends are possible in tho 
cores from tho crutohes to the conductor joints, that 
one inch of untouohed oablo insulation per 8,000 volts 
of working pressure oxists between the end of tho 
sheath and tho crutoh at each end of tho joint, and 
that tho sheaths can bo slightly belled just within the 
sloovo. 

Notes on Plumbing. 

Some mention must now be made of plumbing 
methods : Foremost, it is essential that the plumbing 
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metal be olean and rightly proportioned. Both oan 
be seoured by preparing it in the way already described 
for solder, exoept that the weights of lead and tin 
should bo reversed. 

The ** soil,” ** smudge,” or u tarnish ” which is used 
to prevont metal from adhering whom it is not wanted 
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may be obtained in paokets all ready for mixing with 
water; but as it may happen that a packet cannot 
be obtained, and as, in any oase, a craftsman prefers 
to know what he is using, and so will make it for him¬ 
self, so brief directions for the making of soil, smudge, 
or tarnish, here follow. Ingredients: size, lampblack, 
water. Dissolve the size in hot water so that a thick 
paste is formed. Four some of the paste on to a 
smooth Btone slab, and add the lampblnok gradually, 
thoroughly mixing all the while. When all is mixed, 
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add slowly to the remainder of the dissolved size, stir¬ 
ring well continually. Then, let the mixture he kept 
hot, but not boiling, for a quarter of an hour, and it 
is ready for use. Suoh a mixture will keep, and may 
be thinned with water as neoessary, The snags in 
this as in many other prooessos, are to be learnt by 
praotioe rather than by fuller description. 

Plumbing may be divided into tliree main operations: 
(1) The tinning of the parts to be joined ; (2) The form¬ 
ing of the joint; (3) The wiping. A highly-skilled man 
will perform all three operations almost simultaneously 
by pouring metal over the joint, using only ladle and 
wiper. Or, a process made possible by the modom 
blowlamp, he will first heat the parts with the lamp, 
then tin them with a stick of metal, the lamp play¬ 
ing all the time, and leave enough metal adhering so 
that, with lamp and wiper, tlie joint is finished. A 
less skilled man will tin the parts with solder and lamp ; 
then pour metal over, gathering it in a wiper, and then 
form and finish the wipe. Of oourse, the metal should 
be at the right temperature. This is indicated by the 
toning of a pieoe of dry white paper thrust into the 
liquid metal to a dark brown. Too hot a metal will 
bum holes in the lead sheath or sleeve, or in both, 
and too cold a metal will not properly join them. 

Proteoting the Joint. 

The functions of the box enolosing tho sleove are to 
provide moohanioal protection oomparable with the 
proteotion afforded to the oable by its armour, and 
electrioal connection between the cable armour on 
oaoh side of the joint. If these functions can bo suit¬ 
ably met by one thing, then that thing, providod, of 
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course, that its cost be not out of proportion to its use* 
fulness, is the one to bo adopted. The thing whioh 
efficiently meets all needs is a cast-iron box. It is 
needless to go into the detail of the design of this: 
sufficient it will be to state that the chief requirements 
are that it shall enoloso the sleeve and the whole of 
those parts of the oable which have been disturbed 
during the jointing operations; that it shall seourely 
damp the armour ; and that it shall have means for 
bonding the sleovo to the box so that the two are at 
the some potential. Also, it should allow of the sleeve 
being supported so that all the woight of the joint does 
not come on to the oable at the onds of the joint; allow 
a clearance of not less than £ in. between sleeve and 
box in order that compound may readily flow nil round; 
and, for filling purposos, thoro should be holes fitted 
with plugs in the top of the box. A design which 
fulfils all requirements is illustrated in Fig. 28. 



CHAPTER VI 

JOINTING A THREE OORB CABLE 

To complete the programme previously laid down, I 
have to describe the making of a complete joint. So, 
here is a description of the operations of jointing a 
three oore paper insulated lead sheathed single wire 
armoured cable, using ferrules, ootton tape, compound 
sleeve, and box, all os shown in Fig. 29. 

Before starting to joint, the two cables to bo jointed 
will overlap from one to three feet, according to the 
olass of oable and to the way it has been handled. 

Preparing the Ends. 

To joint, the operations and the order of their per¬ 
formance are as follows— 

Cut each oable approximately midway between the 
overlapping ends so that the cables overlap an inch or 
two. Slip ovor each end an armour damp. Remove 
only so much of the outer serving as will permit 
wholly undisturbed oable to lie well within the armour 
clamp end in the finished joint. Nick the armour 
wires with a three-corner file and break off eaoh end at 
a point such that they are of the oorreot length to fit 
in the armour damp when that is to be fixed, and bind 
with wire to keep them in plaoe. Remove the inner 
serving, or waterproofing, and dean the sheath. Over 
one oable, which has been covered with dean dry paper, 
slip the sleeve whioh previously has had one end 
beaten to the required shape and the filling holes 
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formed. With hack knifo and hammer, cut oaoh 
sheath all round through two-thirds of its thickness at 
the place where the orutoh will ooour in the finished 
joint; lengthwise from tho nooked sheath to the cable 
end, make a slanting out so as not to damage tho papor 
underneath, and tear off the load: in this way, a slight 
bell will be given to the sheath remaining on the oablo. 
Remove tho paper belt around the wormed cores, 
taking oaro not to damage the ooro papers: the ten inner¬ 
most layers of belt paper should be torn off. Bound 
the three oores and adjacent to tho sheath, bind five 
layers of impregnated tape one inoh wido and malic 
off, as should always be done in liko case, with two half 
hitches: this binding, in addition to serving as a marker, 
forms a temporary semi-rigid orutoh and so prevents 
undue movement of tho oores at, and thereby weaken¬ 
ing of, the permanent orutoh. If, as will often happen, 
the oores to bo joined together do not lie in lino, adjust 
thorn until they do by slightly bending thorn from the 
orutoh; and bend the ends inwards so that the ports 
to enter tho ferrules lie parallel to the lengthwise axis 
of the joint. Tho latter operation is expedited by 
inserting a three-pronged spreader between the cores 
at the point where the bend is required, and then to 
squeeze tho ends togother. Bind oaoh ooro with dry 
ootton (threads drawn from impregnated tape servo 
well) at a point half an inoh beyond where tho ferrule 
end will ultimately be, and so prevent unwinding of 
tho paper. Remove the insulation from oaoh oonduo- 
tor from the end to a quarter of an inoh beyond what 
will be the position of tho ferrule end. With impreg¬ 
nated tape, bind two layers over the paper of eaoh ooro 
from where it has been out to the orutoh: impregnated 
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tape is used in order to prevent absorption of the oable 
impregnation. 

Soldering the Conductors. 

These preparations having boon made, tho bared 
part of eaoli conductor is to bo sweated solid with 
solder, and suoh pai*t out off as will permit the onds 
to butt in the oentro of tho joint. The ferrules aro 
slipped over the three oonduotors of one cable, both 
cables lifted until the other oonduotors enter tho fer¬ 
rules, and the whole placod in position. (Exception¬ 
ally, when room is so restricted that an easy bend in 
the oable is impossible, it is permissible to bam tho 
oonduotors on one side of the joint oentre to the full 
length of a ferrule. In suoh case, a longer taping is 
necessary and so a longer sleeve.) Tho conductors 
should now butt in the centres of their ferrules, and 
the oores bulgo at their central parts just enough to 
enable taping to be earned out. Pour over tho fer¬ 
rules, eaoli in turn, hot (the corroot temperature may 
bo gauged as in the ease of plumbing metal) molton 
solder until the ferrule and oontainod conductors are 
thoroughly hot and soldor flows froely through tho 
joint, then poiu* in cooler and cooler metal until the 
whole is about to solidify. A deft movement with a 
dean, smooth, and dry rag is now needed to wipe tho 
ferrule and conductor cloan, and to fill tho slot with 
solder. 

Insulation. 

To insulate, remove l in. of papor from each core 
adjacent to tho ferrule ouds, and take off the tape bind¬ 
ing round eaoh core. Pill with impregnated tape tho 
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' gap between one end of a ferrule and the paper of the 
core to the outside diameter of the ferrule, and, with 
the same length of tape, wrap tightly and with a half 
lap the oore up to one temporary crutch, hack, fill the 
other gap, wrap tho ferrule till the taping over it is 
at the lovel of the outside of the oore paper, and con¬ 
tinue to the other temporary crutch. Then return 
with the tape to a point beyond the far side of the 
ferrule suoli that when taping is complete the proper 
thickness will have been applied, and baok again to a 
similar point on the other side of the ferrule. Now, 
shortening the taped length by fa in. as each layer is 
completed, tapo and tape and tape until the required 
insulation has been wrapped. Similarly with the other 
Gores. When all have been taped, the oentral part of 
each oore will be oylindrioal, and from the cylinder ends 
the insulation will taper neatly almost to the orutoh. 
Then, in the oentre of the oylindrioal parts, that is, mid¬ 
way between the orutohes, bind eaoh oore separately 
with in. impregnated tape until each is enoiroled by 
a band $ in. in radial thiokness; and then, over the 
bands, aftor tape wads have been placed in the four 
orevioes, bind the whole tightly together with tape 
until there is a belt of tho proper thiokness. 

Remove the oorroot length of lead sheath from the 
oable at eaoh end of tho joint, bell the sheath with the 
belling tool, bind the exposed paper belt with five layers 
of impregnated tape, and remove the tape whioh has 
been holding the cores together to form the temporary 
orutoh. 

Slip the sleeve over the now insulated joint, beat the 
ends down until they grip the sheath, and plumb. In 
the plumb, it is not neoessory to have muoh metal to 
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moke a sound job: about a pound and a half of metal 
at eaoli is enough for a two inoh diameter cable. 

Billing with Compound. 

While the sleeve is still hot from the plumbing, pour 
in compound at 120° C., taking core to pour in a steady 
stream (to avoid entrapping air) into one only of the 
filling holes until tho sleeve is ono-third full of com¬ 
pound. Wait five minutes hi order to allow the com¬ 
pound to fill whatever interstioos there may be in tho 
joint. Pour in hot oompound until the sleeve is two- 
thirds full. Wait another five minutes. Jill tlio sleeve 
with oompound to the level of the top of tho orators. 
As tho oompound shrinks, top up with compound, 
always at a temperaturo of 120° C.: as tho joint gets 
cooler and cooler, loss and loss oompound is needed at 
oaoh topping. Towards the close of the topping opera¬ 
tions, pour the oompound only to a level £in. below 
tho top of tho orators. When the joint is cold, place 
tho caps ovor tho orators and plumb to tho sleeve. 
'Cliis last oporation must bo done quickly, else the 
compound will expand suffloiontly to ooze through 
and so to spoil the plumb. 

While tho joint is oooling, tho armour wires may bo 
turnod into position, tho bottom half of the iron box 
fixed, and the bond bolted to tho box and soldored to 
tho sleovo. After tho oaps oro fixed, tho top half of 
tho box is put in plaoo, the armour damps fixed and 
tightonod up, and the box fillod with oompound. Next 
day, tho iron box is topped up. 

Time Occupied in Making a Joint. 

A skilful jointer will make suoh a joint in nine hours, 
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about three of which are taken up by the cooling of the 
compound ; but this time is not unoccupied, ns, during 
it, as before said, the box and armour clamps are partly 
fixed, and, further, the sleeve for the next day's work 
is prepared. 

That fulfils my contraot. But, as a work of super¬ 
erogation, the outstanding differences between the 
procedures of making a taped joint as just described 
and a slip-on-tube joint as shown in Fig. 30, are noted 
below. 

Points on Slaking a Slip-on-Tube Joint. 

Before sweating the conductors, slip the tubes over 
their respective cores so that they lie between the 
crutch and the bare coppers. Lap the jointed conduc¬ 
tor, after sweating, with impregnated fine cotton tape 
until the core from orutch to crutoh is one smooth 
cylinder. Then, lap the core, half at a time, with simi¬ 
lar tape to a radial thickness of -05 in. along the length 
upon whioli the tube will bed and an inch over at each 
end. Immerse the whole of the joint so prepared in 
a trough of oil: on wet days, the oil should be at a 
temperature of 116° 0., and should be kept at that 
temperature so long as bubbles rise to the surface ; 
but during fifia weather, the oil may be at a temperature 
just high enough to permit it to run freely, say, it 
should he as visoid as cream. When all is as ready 
as all should be, slowly move eaoh tube in turn from 
its temporary position to a similar position at the other 
end of the joint. Then, back to its first position. 
And then to its central and final plaoe. The oil should 
then be allowed to cool to a temperature such that it 
will not readily run, and the trough removed from the 
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cable. After wrapping the anchoring, handing, and 
belting tapes in place, slide the sleeve into position, 
beat down the ends and plumb them to the sheaths. 
Pour oil at 120° C. into the central hole until dear oil 
flows from the other holes. Fix a largo funnel, fitted 
with fine wire screen and cook, to one of the holes in 
the inner sleeve. Fill the funnel with oil and, when all 
is still and all air lias been removed, turn the cook 
and allow oil to flow from the other hole until per¬ 
fectly dear oil only comes out. Placo all caps in posi¬ 
tion and plumb them, taking care to leave open the 
pinhole in the reservoir cap. Fix the iron box and 
fill with oompound to the lovel of the reservoir top. 
Next day, plug the pinholo with lead wire, seal with 
tho soldering iron, top the box up, bolt the lid in plaoe, 
and the joint is complete. 

Conclusion. 

In bringing this book to a dose, may 1 say that 
engineering is nob to be divorced from culture : man 
lives not by maoliinery alone, but by the exoroise of 
ovory faculty of his being. It is when engineors are 
too purely technicians, too insuffioiently human, that 
they exeroise too little influence on the general affairs 
of mankind: Engineers influence mankind in so far 
as they themselves are influenced by Art. 





APPENDIX 

Table 1 . Jointer’s Kit. 

Hote. The composition of a jointer’s kit will 
'depend upon the work that lias to be done. So, it 
should not be assumed that every tool listed below 
should find a place in every kit. 

The following table contains a brief description of the 
tools and the number required by a jointer who has to 
do a varied class of work. Those items preceded by 

number within brackets are enlarged upon in the 
s rib sequent notes. 

(1) Tool box, 30 m. X 18 in. X 12 in. deop, with 


shelf.2 

Cutting pliers. English, 8 in., 0 in., and 4 in., 

each.1 

End cutters, 0 in, . . . . ,1 

Steel wire nippers, double lever, 8 in. . . I 

Gas pliers, 8 in. and 6 in., each ... 1 

Tinman’s shears, 10 in. . . . .1 

Scissors, 8 in.1 

Hack saw frame ..... 1 

„ „ blades, 12 in. . • . . 12 

Tenon saw, 10 in.1 

Hand saw, 28 in. . . . . .1 

Plumber’s knife ...... 1 

Pooket knife, single blade .... 1 

Shoemaker’s knife ..... I 

Haek knife.1 

Oil stone, 8 in.1 

Half round file, 12 in, and 8 in., each . . 1 

Elat file, 12 in. and 8 in., each ... 1 

Hound file, 12 in. and 8 in., each . . 1 

Three comer file, 12 in. and 8 in., each * . 1 
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( 2 ) 

C8) 


Rasp, 12 in. and 8 in., each . 

File card on wood, 0 in. X 3 in. . 
Carpenter’s hammer, 1 ib. . 

Fitter’s hammer, 2 lb. 

Cold chisel, 18 in. X 1 In., and 8 in. x 
each ...... 

Screwdriver, 18 in. and 0 in., each 
Bradawl, £ in. 

Gimlet, \ in. 

Plumber’s gouge, or lead boror 
Carpenter’s Chisel, 1£ in. 

„ gouge, 1 in. 

„ ratahet braco 


1 in., 


„ Bit, $ in., & in., $ in., f in.. 1 in 
and l£ in., each 
Twist drill with square shank, in,, in 
and ^ in., each 
Two fold, two foot stool rule, ICths and lOths 
Spirit level, 10 in. 

Soldering iron., 1£ lb. . 

Melting pot, 7 in. and 0 in., each 
Hook for melting pot 
Ladle, 4 in, and 8 in., each . 

Paraffin blow lamp, 1 pint . 

Oil furnace .... 

Wipers, 8 in. X 8 in., 4 in. X 0 in., 0 in. X 0 
in., each .... 

Lead beater, medium size . 

Turn pin, 2 in. and 4 in., eaoh 
Bent pin, or plumber’s tommy 
Plumber’s straight lmnd dummy 
Plumber’s shavehook 
Smudgebox and brush 
Tlnbax for resin 
», „ tallow 

„ „ resin and palm oil paste 

Oil can with screw stopper, 1 quaxb and 2 
gallon, each .... 

Funnel, outlet £ in. and f tn., each 
Iron saucepan with lid, 8 in. 


1 

l 

1 

1 

1 

i 

l 

1 

1 

1 

L 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 
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Wire cage to fit within saucepan ... 2 

(4) Tape winder.. 

GhI. bucket with lip and lid ... 2 

(5) Mrodovil .. 

Olybum spanner, 12 in. and 8 in., each . , l 

Callipers, outside, 6 in. . , . . j 

Briolclayer’s trowel, 6 in. . . .1 

Mirror, 4 in.. 

Centro punoh . . , . . 1 

Boar punch for \ in., in., and $ in. holes . 1 

(li) 'niormomotor, 0° to 200° C. . . . 1 

(7) Iiubbor mat, 18in. X 12 in. X Jin. . , 3 

»> gloves, pair. 1 

„ boots, ... 

Measuring tape, 100 ft. .... l 

(8) Bolling tool ...... 1 

Ooppor strips, 8 in. X 1 in. X 20 S.W.G. , 100 

Wodges, hard wood, 0in. X lin. X 1 in. . 4 
Spreaders, hard wood, three pronged, | in, and 

1£ in. prongs, eaoh.2 

(0) Tont frame.2 

Tarpaulin, 10 ft. X 10 ft.2 

'Par boiler, 26 gal.1 

(10) Tostlng sot.1 

(11) Mandrel, hardwood.1 

Spooial tools for speoial purposes. 


NOTES 

1, Tool box: Should bo well made and bound with iron, so 
that it will withstand rough usage. Two relatively small bozos 
ns listod, are better than one largo box, for they are more easily 
handled and tliolr contents are more get-at-able, It is fitting 
that the finer tools should be kept in one box, and the remain- 
dor, together with the solder, plumbing metal, tape, rags, and 
odds and ends whioh a jointer carries about, in the other box. 

2. Oil Ihivnace : Only occasionally needed, and not recom¬ 
mended. 

8. Wipers t The sizes listed are given ae examples only i 
other and larger sizes are often used. They ora made by fold¬ 
ing moleskin until from 8 to 16 layers exactly overlap, and the 
Q-((M79), 
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finisliing edge sewn through. The number of layers may be 
reduced by inserting brown paper between tho layers, but this 
reduces the flexibility of the complete wiper. The sown wiper 
should bo soaked in tallow, and each time before using, it 
should bo rubbed on its working surface with tallow. 

4. Tape Winder: A simple machine for winding tape on to 
spools before final boiling. It saves much time. 

5. Firedevil: A useful form is made from 8 s.w.g.-sheot iron 
rolled into cylindrical form and rivotted. It is divided into 
two equal ports by a grate of £ in. squaro bars s a 0 in. semi¬ 
circular piece is out from the bottom of tho cylinder ; and tho 
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Fig. 31. Bnur-nra Toon 
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top half is piorcod with 1 in. holes at 5 in. Intervals. Such a 
devil burns coke well, and what is mom to tho point, it boats 
well, 

6. Thermometer: Should bo stocl oasod and pnokod in a 
woo don tube. 

7. Rubber Mai and Gloves: Not roquirod on the usual run 
of construction work, but handy in emergency. 

8. Selling Tool: As this is not commonly known to jointers, 
at any rate, it is not commonly used by them, a sketch of one 
is given in Fig. 81. 

0. Tent Frame: Almost as many varieties of framo exist as 
there aro engineers who design them. The one I prefer 1 , as It 
is vary flexible, is a woodon collapsible braced framo which, 
when erected, is of inverted V Blmpa, the apox being separated 
by 2 ft. long timbers, and having each sido 8 ft. long by 0 ft. 
high. 
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10. Testing Set: A galvanomoter giving a visible tlofloction 
when in series with five megohms and a hundred volt battery. 
Or, a megger. 

11. Mandrel: Diameter similar to that of inside of sloovo, 
and 0 in, long. 


TABLE II—DIMENSIONS OP LAPPED JOINTS 
Sue Pig. 3, Page 22 


Occur* 
Hoiitluiial 
Aran of 
Coiulucloi': 
ri|. in. 

Numtwr of 
Htnuiiln In 
Conductor 

Ulutnura 
botwnon 
Butts In 
Outsdiln 
Lnyor: 

In. 

Blzo ot 
Bind Inn 
Wire: 

s.w.n. 

Overall 

Diameter 

IiRllRth 

In. 

In. 

•06 

wm 


20 

•4 

4 

•1 



20 

•5 

4 

•10 



20 

•00 

6 

•2 



18 

-0D 


•20 

37 


18 

•70 

6 

•3 

37 


18 

•83 

5 

•4 

01 


10 

•08 

0 

•0 

61 

G 

10 

1-07 

0 


TABLE III—DIMENSIONS OP DBAWN COPPEB FERRULES 
See Pia. 4, Page 24 


Crow* 
enuttonal 
Aran of 
Cnmluotor: 
eq.in. 

ARRUmeil 
Maximum 
Durrani.: 

amps, 

JMnuwlor 

T^nfltli: 

In. 

Width 
of Slot,: 

32nd in. 

Inside 
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TABLE V—DIMENSIONS OF SLIP-ON-PAPER TUBES 
TO BE ASSEMBLED UNDER OIL 

See Fiq. 10, Page 40 



Radial 
Thickness of 


Longth of Tube 

Yoltngo 
of CabTot 

Paper round 
Conductor 
in Cable: 
in. 

Thickness 
of Tabs Wall; 

In. 

Overall: 

In. 

Parallel 

part: 

In . 

20,000 

•2 


7*6 

0>6 

33,000 

•26 

1 


9«6 
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TABLE VI—DIMENSIONS OF IMPREGNATED COTTON 
TAPE INSULATION 
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Fia. 82, Key 
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In. 

0. 
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TABUS VJjLL—( continued } 
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6,600 volts = Working Pressure o£ Cable. Radial Qii«lcnw« of Tape round Braid joint 
Cratch, to S h eath = 1 in. Radial thickness of Banda = *13 in. 

Radial tKit>lrrw»«g of Belt ±=* >08 in. 
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TABLE IX—DIMENSIONS OF SLIP ON UNDER 
OIL TUBE JOINTS 

See Fici. 30i Pa«k 77 


Cross' 
sectional 
Area of 
Conduotor: 

Outer 
Diameter 
of Paper 
Tube: 

Inside 
Diameter 
of SIcoyq : 

Distant 
between 
Crutches: 

Distance 
between 
Slicutlm: 

Length of 
Slcovo: 

In. 

In. 

In. 

In. 

In. 

In. 

20,000 volts— 





•00 

1*4 i 

5 

31 

30 | 

38 

•1 

1-5 

99 

If 

91 

II 

«1B 

1-0 

If 

91 

99 

91 

•2 

1-7 

19 

19 

19 

99 

•25 

1-76 

0 

34 

30 

41 

•3 
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II 

91 
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Am, 18 

Alignment of BurfaooB, 86 
Anchoring of tubes, 41 
Armour, 14 
Art, 1, 78 
Automaton, 10 

Bandihq core, 44 
Bases of design, 3 
Bounty, 4 
Bolling tool, 82 
Bolting cores, 44 
Bonding, 14 
Box, oast-iron, IS 
Braid joint, 27, 80 

Garb, 18, 33 
Olimato, 7 

Compound, 13, 00, 01 

-filling, 70, 78 

Conductors, 11 
Contracted double sleeve, 64 
Contraction, 26, 60 
Cotton tape, 0, 40, 86 
-preparation, 40 

Dmsnur, 3 
Detail, 0 
Difficulties, 6 
Dimensions of— 

Braid joint, 80 

- and tape joint, 000 

volts, 00 

- 3,300 voltB, 

01 

- 0,000 volts, 

02 

-11,00.0 yoltfl, 

03 

Forrulo, 22, 86 

- and tape joints, 000 

--volts, 83 

06 


HWffflFfflfiftnpo 8,300 volts, 

87 

-, 0,000 volts, 

88 

- t n,000 volts, 

80 

Insulation, 47, 86 
Joints, overall, 0 
Lapped joints, 83 
Paper tubo, 41 

-joints, 04 

Sleeve, 08 
Dirt, 18 
Disturbance, 4 
Divided sloove, 01 
Double sloevo, 02 

Ecobntjuu contracted double 
sleeve, 06 
Economy, 6 
Endurance, 4 
Engineering, 1, 78 
Expansion, 26, 60 
—*— chamber, 02 
—— joint, 80 
Experience, 3 
Expression, 2, 10 

Pauj/ts, 20 
Fornilo, 22, 83 
Filling hole, 60 

-, Hcroenod, 00 

Fluid pressure), 04 
Flux, 29 

Genkhal considerations, 3 
IIhavy sleeves, 68 

IlJIOSYNOltASY, 1 , 

Imitation, 4 
Immorsion, 7 
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Importance, order of, 11 
InBulnting under oil, 36, 77 
Insulation, 2 

Joint boxes, Id 

-diameter, 9 

-hole, 18 

-length, 0 

Jointer, 4, 7, IB 
Jointing tlireo-ooro oablo, 71 
Judgment, 2 

Kit, jointor’s, 70 
Knowledge, 18 

Lapped joint, 20, 83 
Lead ring, 6d 
Least diameter, 0 
- disturbance, 4 

Materials, 0 

Oil, 34 
Outer box, 68 

Paper tape, 12, 34 

-tube, 12, 34, 8G 

Plumbing, 00 
Position, 7 

Pouring compound, 70, 78 
Praobioe, 16 
Pressure filling, 04 
Protection, 08 
Pump, 18 

Reservoir, 14, 61, 00 
Roller bearing, 68 


Sore nor, 1 

Screened filling hole, 66 
Scope, 2 
Seam, 64, 80 
Sheath, 14 
Simplicity, 8 
Sleeve, 64 

Slip-on tube, 37, 77, 86 
Slit sleeve, 60 

- tube, 39 

Soil, 07 
| Solder, 20 
Soldoring, 28 
Smudge, 07 

Tapered sleeve, 64 

-tubo, 30 

——■ insulation, 33 
Tarnish, 67 
Tolo8copo tubo, 41 
Tomporamont, 7 
Tont, 18 
Tlmo, 4, 70 
TooIb, 17, 70 

U-Expansion chamber, 02 

Vernier braid joint, 27 
-expansion joint, 30 

Wads, 48 
Wator, 18 
Welted somn, 64 
Wiping, 68 
Workmanship, 4, 8 
Wound-on tube, 30 
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Mechanism. T. H. Russell . . .26 

Municipal, Engineering. H. Percy Boulnois . 2 6 
Music Engraving and Printing. W. Gamble . 21 0 
Naval Dictionary, Itauan-Englisu and 
Enolish-Italian. W. T. Davis . . . 10 6 

Nitrogen, Industrial. P. H. S. ICempton . 2 6 

Oil Power, S. H. North.3 0 

Oilb, Pigments, Paints, Varnishes, etc. R. H. 

Truolove ..2 8 

Oscillographs. J. T. Irwin . • • .76 

Patents for Inventions. J- E, Walker and 
R. B. Foster . . . . . . . 21 0 


Pattbrn Construction for Garment Makers, 

Thk Science of. b. W. Poole . . . 45 0 

Pattbrnmaking. B. Shaw and J. Edgar . ■ 2 6 

Pattern-Making, Principles of. J. G. Horner 4 0 
Petrol Cars and Lorries. F. Heap . .26 

Photographic Chemicals. T. L. J, Bentley and 

J, Southworth. J 0 

Photographic Technique. L. J. Hibbert. . 2 6 
Photography, Commercial. D. Charles . .50 

Plan Copying in Black Lines for Hot Climatbs. 

B, .. 20 

Plywood and Glue, Manufacture and Use of, 

The. B. C. Boulton . ■ _ ■ ■ • ' “ 

Pneumatic Conveying. E. G. Phillips . ■ * 0 

Polyphase Currents. A. Still • ■ 'or 

Power Factor Correction. A. E. Clayton . 2 o 

Power Station Efficiency Control, J. Bruce 1- 6 
Power Wiring Diagrams. A. T. Dover . • 0 0 

Printing. H. A. Maddox . • • ■ ® “ 

Pyrometers. E. Griffiths. . • • • ' * 

Quantities and Quantity Taking. W. E. Davis 6 o 


Radioactivity. J. Chadwick . ■ ■ • * 5 
Radio Communication, Modern. J. H. Reyner 5 o 
Radio Year Book . ■ ■ _ • • * «s n 

Railway Electrification. H. F. Trewman ■ 25 0 
Railway Signalling : Automatic. F. R. Wilson 2 s 
Railway Signalling : Mechanical. F. R. 

Wilson.. • .... ■ f S 

Railway Technical Vocabulary. L. Serraillter 7 a 


S. d. 

Refractories for Furnaces, etc. A. B. Searle 5 O 
Reinforced Concrete. W. N. Twelvetrees . 21 0 
Reinforced Concrete Members, Simplified 
Methods of Calculating. W. N. Twelvetrees 5 O' 
Reinforced Concrete, Detail Design in. 

E. S. Andrews.,60 

Retouching and Finishing for Photographers. 

J. S. Adamson . . . . , ,40 

Russian Weights and Measures, Tables of. 

Redvera Elder..26 

Sewers and Sewerage. H. G. Whyatt . .26 

Shipbuilding and the Shipbuilding Industry. 

J. Mitchell.3 0 

Shot-Guns. H. B. C. Pollard , , . .60 

Silk, Artificial: Its Manufacture and Uses. 

T. Woodhouse..50 

Silverwork and Jewellery. H. Wilson , .86 

Slide Rule. A. L. Higgins .... 6 

Slide Rule, C. N, Pictworth. , . , 3 6- 

Soil, Science of the. C. Warrell , . .36 

Sparking Plugs. A. P. Young and H, Warren . 2 6 

Specifications for Building Works. W. L. 

Evershed.5 0’ 

Stained Glass Work. C. W. Whnll, , . 10 6 

Steam Engine Valves and Valve Gears. E. L. 

Ahrons.2 6 

Steam Locomotive Construction and Mainten¬ 
ance. E. L. Ahrons.2 6- 

Steam Locomotive, The. E. L. Ahrons . ,2 6- 

Steam Turbine Theory and Practice, W. J, 

Kearton.15 0’ 

Steam Turbo-Alternator, The. L. C. Grant ,15 8* 
Steels, Special. Based on Notes by Sir R, 

Hadfield. T, H. Burnham . , , .50 

Steel Works Analysis. J. O. Arnold and F. 

Ibbotson . . , . . . , 12 S' 

Stencil Craft. H. Cadnoaa . . . . 10 6 

Storage Battery Practice. R. Rankin . . 7 6« 

Streets, Roads, and Pavements. H. G. Wiiyatt. 2 6 
Structural Steelwork. W. H. Black . .26 

Structures, Theory of. H. W. Coultas . . 15 O' 

Surveying and Surveying Instruments. G, A. 

T. Middleton. . q 

Surveying, Tutorial Land and Mine. T. Bryson 10 6- 
Switchboards, High Tension. H, E. Poole , 2 6 
Switchgear, High Tension. H. E. Poole . 2 6> 

Switching and Switchgear, H, E. Poole , 2 6- 


s. d. 

Telegraphy. T. E. Herbert . . . , 18 0 

Telegraphy, Elementary. H. W. Pendry . 7 6 

Telegraphy, Telephony and Wireless. J. Poole 3 0 

Telephone Handbook, Practical. J. Poole .18 0 

Telephones, Automatic. F. A. Ellaon . ,50 

Telephony. T. E. Herbert . . . . 18 0 

Telephony, The Director System of Automatic. 

W. E. Hudson.5 0 

Television. A. Dinsdale.2 0 

Textile Calculations. G. H. Whitwam . . 25 0 

Tidal Power. A. M. A. Struben . . .26 

Tin and the Tin Industry. A. H. Mundey . 3 0 

Tool and Machine Setting. F. Gates . .26 

Town Gas Manufacture. R. Staley . .26 

Traqtion Motor Control. A. T. Dover , .26 

Transformers and Alternating Current 
Machines, The Testing of. C. F. Smith . 2 6 

Transformers for Single and Multiphase 
Currents. Dr. G. Kapp . . . . 15 0 

Transformers, High Voltage Power, W. T. 

Taylor.2 6 

Transformers, Small Single-Phase. E. T. 

Painton.2 6 

Transport Library— 

Air Transport, Commercial. Lieut,-Col. Ivo 
Edwards and F. Tymms . . . .76 

Port Economics. B. Cunningham . ,60 

Railway Operation, Modern. D. R. Lamb 7 6 

Railway Rates, Principles, and Problems. 

P. Burtt 6 0 

Road Transport, History and Development 
of. J. Paterson. (Ready shortly ) 

Transport Undertakings, The Rights and 
Duties of. H. B. Davies . . . .50 

Trigonometry for Engineers, Primer of. W. G. 


Dunkley . . . . . . .50 

Turbo-Blowers and Compressors. W. J. 

Kearton.2] 0 

Turret Lathe Tools, How to Lay Out . .HO 
Union Textile Fabrication. R. Beaumont . 21 0 


Ventilation, Pumping, and Haulage, The 

Mathematics of. F. Birks . . . .50 

Volumetric Analysis. J. B. Coppock . .36 

‘Water Mains, The Lay-Out of Small. H. H. 

HeUins.7 6 

'Water Power Engineering, F. F. Fergusson . 2 6 







Waterworks for Urban and Rural Districts. 

H. C. Adams.15 

Weaving. W. P. Crankshaw ... .5 

Weaving and Manufacturing, Handbook of. 

H. Greenwood.5 

Weaving, Embroidery and Tapestry. A. H, 

Christie.10 

Weaving for Beginners. L, Hooper . . 6 

Weaving, Hand loom. L. Hooper . . .10 

Weaving with Small Appliances. L, Hooper 

(1) The Weaving Board . . ) 

(2) Tablet Weaving . . . [ Each 7 

(3) Table Loom Weaving . , ) 

Welding, Electric. L. B. Wilson . . .5 

Welding. Electric Arc and Oxy-acbtylbnb. 

E. A. Atkins.7 

Wireless Telegraphy and Telephony, An 

Introduction to, J, A. Fleming • • >8 

Wireless Telegraphy, Continuous Wave, 

B. E. G. Mittell. 2 

Wireless Telegraphy, Directive. Direction 

and Position Finding, etc. L. H. Walter . 2 
Wood-Block Printing. F. Morley Fletcher , 8 
Woodcarving. C. G. Leland .... 7 
Woodcarving Dbsiqn and Workmanship, G. 

Jack.8 

Woodwork, Manual Instruction. S. Barter . 7 
Woollen Yarn Production. T. Lawson . 3 
Wool Substitutes. R. Beaumont . . ,10 

Workshop Gauges. L. Burn . . .5 

Writing and Illuminating and Lettering. E. 

Johnston.8 

X-Rays, Industrial Application of. P. H. S. 

Kemp ton.2 

Yarns and Fabrics, Testing of. H. P. Curtis 6 
Zinc and its Alloys. T. E. Lones-. . ,3 

Comploto Descriptive Catalogue of Scientific and 
Toohnioal Hooks post free 

PITMAN’S SHORTHAND 

INVALUABLE FOR ALL 
BUSINESS AND PROFESSIONAL MEN 









